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SUMMARY 
 
In contrast to the study of vehicular movement which has already obtained considerably 
significant results due to years of substantial researches, the study of pedestrian movement is a 
relatively new topic, therefore deserving innovative efforts and attention. As to the domain of 
pedestrian study, there are two mainstream methods widely approached: the computer simulation 
method and the analytical method. Through thorough analyses, this thesis has adopted the former, 
with one of the notable rationales behind this adoption that pedestrian movement inevitably 
involves complicated stochastic elements. It is because of the complex and autonomous nature of 
the pedestrian’s characteristics that few software packages in the current market could afford 
satisfactory emulation of pedestrian movement. Based upon the comprehensive comparison on 
the contemporary software packages dominant in the current market, Legion Studio is deemed to 
overcome the major weaknesses embedded within its counterparts, besides its realistic data 
collected from large volume of experiments, so it is both interesting and worthwhile to investigate 
its true powerfulness and what its striking characteristics and functionalities are.  
 
Upon the selection of Legion Studio as the evaluation object, next concern comes into the context 
for this assessment. It is in a highly populated public place such as a metro station that 
pedestrians’ demand for service usually substantially exceeds the station’s facilities’ supply for 
usage, thereby resulting in serious congestion problems. Since those problems are a recipe for 
potential hazards, study for pedestrian movement in heavy traffic conditions where the metro 
station during the peak hours is a typical example deserves in-depth investigations for crowd-
induced safety concerns. Therefore, this thesis intends to evaluate Legion Studio’s modelling 
capabilities in performing pedestrian simulation within the context of a metro station. 
 
In order to achieve the aforementioned objective, this evaluation study is about to be conducted 
under the instructions of an established evaluation framework. To be specific, four kinds of 
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simulation tasks are initially set up to be defined as the evaluation scope where each simulation 
task specifies Legion Studio to simulate one specific kind of pedestrian activity. Within that 
scope, each simulation task is endowed with a set of criteria to test the software’s modelling 
capabilities from various aspects. Based upon the comparisons between the established criteria 
and the software’s responses, the author would bestow his comments on its modelling capabilities 
in the form of one particular rating level: Excellent, Above average, Average, Below average and 
Poor. Furthermore, according to the sequential process of boarding the train or leavening the 
station, those four alleged simulation tasks amount to a) queuing activity in front of a gate-line, b) 
waiting activity on a platform, c) transmission activity via a staircase or escalator, and d) 
transmission activity via an elevator, where the occurrence place accommodating its specific 
activity is the crowd-prone venue in the context of a metro station. 
 
Based upon the ultimate evaluation results by going through the four kinds of simulation tasks’ 
criteria, conclusions will be drawn that whether it is suitable or not for the application of Legion 
Studio in the study of pedestrian movement to be extended from a metro station into more grand 
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1.1 Background and Objective of the Study  
 
In the domain of transportation research, the study of vehicular movement has traditionally 
enjoyed the major attention and focuses, and correspondingly the study of pedestrian movement 
has been maintained as a blank spot until the early seventies of last century (Daamen, 2004). 
Besides as a new research topic, the profound benefits from the study of pedestrian movement 
have triggered the extensive investigations from the professionals. For example, traffic engineers 
can exploit in a greater depth the facility design with respect to its efficiency and safety by 
understanding the pedestrian flow from entrance to exit throughout the whole building (Antonini, 
2006).  
 
By virtue of the researchers’ arduous efforts and the advance of the powerful computational 
technologies (Kretz, 2007; Ishaque, 2008), the study of pedestrian movement has obtained a 
prominent progress, especially in two separate yet complementary areas: route choice and 
crossing behavior, from which plenty of models have derived (Papadimitriou, 2008).  However, 
numerous theories, issues and arguments cannot agree to the conformity until the first 
International Conference on Pedestrian and Evacuation Dynamics which was held in Duisburg, 
Germany in 2001 (Antonini, 2006). That conference was an important international 
communication of crucial values since the literatures collected have summarized two mainstream 
approaches which are widely used in studying pedestrian movement, namely, analytical method 
and computer simulation method. To be specific, analytical method is a means to describe how 
the real world functions through translating our comprehension into the mathematical languages 
(Bender, 1979). Over hundreds of years, the application of analytical method to solve the tangible 
problems has demonstrated substantial popularity and acceptance, owing to the strengths of the 
elegant mathematics. For one thing, mathematics is a very precise language, useful to formulate 
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the objects’ quantitative relationships and to identify the underlying assumptions. For the other 
thing, mathematics is also a concise language involving established rules for manipulations 
(Bender, 1979). In contrast, computer simulation method acts as a tool to reproduce the operation 
of a process or system in the real situations over a defined time interval (Banks et al., 2001). 
Therefore, a reliable simulation model is necessary to have a proper estimation of inputs and have 
appropriately calibrated and validated mathematical and logical algorithms to guide its modelled 
process.  
 
According to the trend on the pedestrian study, computer simulation method outperforms its 
counterpart of analytical method for four reasons. Firstly, in the course of formulating pedestrian 
movement, it inevitably involves stochastic processes which are extremely complicated to apply 
the mathematical languages to set up or solve the problems (Vuchic, 2004). Secondly, the 
computer simulation method allows easy construction of a virtual process or system under a 
particular simulation scenario. Thirdly, flexibility in performing comparative studies, with 
intuitive visualization of their alternative effects from the corresponding settings, is another kind 
of advantage for the computer simulation method. Lastly, the computer simulation method is 
capable of monitoring a particular activity in a more detailed manner by speeding up or slowing 
down the timeline, during which process, anomalies in the simulation can be observed and 
detected without too much difficulty. Hence by that observation and detection, countermeasures 
to rectify the abnormal phenomena can be easily carried out. Therefore, it is more beneficial and 
convenient to adopt the computer simulation method to study the pedestrian movement by 
factoring into those aforementioned four advantages, and the visualization effects would be 
reinforced with the help of the current powerful animation techniques. 
 
However, the prerequisite for the adoption of the computer simulation method necessitates a 
reliable and robust software package to support its feasibility. Since the pedestrian flow is 
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ineluctably characterized by a degree of stochastic feature and randomness (Papadimitriou, 2008), 
nowadays there are few software packages which can afford the satisfactory emulation of 
pedestrian movement. Based upon Wei et al (2009) and Nuria et al’s (2008) opinions and the 
author’s experiments, brief comments on the strengths and weaknesses for the ten software 
packages dominant in the current market specific for pedestrian simulation will be articulated as 
the literature review as follows. 
 
BuildingEXODUS: Developed by the Fire Safety Engineering Group at the University of 
Greenwich, it is an expert software package to simulate a flux of pedestrian’s movement within a 
complex geometry in the form of multi-floor building under the evacuation or non-emergency 
situations. Based upon the fluid dynamic model as the way-finding algorithms, the trajectories of 
each pedestrian can be traced as one of the simulation outputs, among others including the overall 
evacuation time, individual evacuation time and waiting time. 
 
STEP: STEP (Simulations of Transient Evacuation and Pedestrian Movement) adopts the Cellular 
Automaton as the way-finding algorithm to navigate the pedestrians to get access to the exit. The 
whole space in the floor plan is divided into a variety of cells, and each cell is only occupied by 
one pedestrian. Since the pedestrian in the simulation was endowed with his/her unique 
characteristics, familiarity behaviour and patience factor, he/she would approach to the next cell 
from the current cell by avoiding collision and using shortest amount of time under ideal 
circumstances. 
 
Egress: It is designed for the crowd simulation with the driving mechanism of Cellular 
Automation where each cell is in the form of hexagonal grid. Egress utilizes the techniques of 
artificial intelligence for the pedestrian to judge how to react to the environment when it was full 
of smoke, for example. 
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Although those three software packages have earned a degree of popularity, one of the common 
weaknesses is their treatment for the building’s space in the simulation. Specifically, the physical 
continuous space in reality is hardly represented evenly by a set of discrete cells, which would 
reduce the accuracy in calculating the evacuation time. 
 
ViCrowd: By adopting Reynold’s flocking system as the driving mechanism, ViCrowd is a good 
tool for automatically forming the crowd. Since its focus is on the macroscopic level, the crowd 
formation is only considered for the group properties. 
 
OpenSteer: OpenSteer treats every pedestrian as an abstract mobile agent under the guidance of 
Reynold’s flocking theory, and the realization of that theory is implemented by the C++ 
programming language. 
 
CROSSES: By virtue of the elaborate way-finding algorithms in the form of the combination of 
several navigation rules and the finite state machines, CROSSES provides desirable simulation 
output of the natural formation of the crowd. 
 
According to the above discussions, those three software packages are all good at organizing the 
mass population into congestion in a natural manner. However, the crowd formation is placed 
more emphasis upon the group properties at the macroscopic level than upon the individual’s real 
response to the crowd in the point of view from the microscopic level. As to the crowd response, 
it can manifest itself, for example, in the form of back-stepping due to the over-saturated 
congestion ahead. Therefore, that omission of crowd response has diluted ViCrowd, OpenSteer 
and CROSSES’s modelling capabilities. 
 
CHAPTER ONE 
National University of Singapore                                                                                                                                            5 
Pedroute: Pedroute, initially developed by London Underground Limited, is an expert pedestrian 
software package specific for the station operations. Taking into account a spatial entropy 
maximizing model as its underlying way-finding algorithm, it treats the available space in the 
station as a variety of different blocks which can represent the function of the stairs, escalators 
and platforms, etc., and each block would guide the pedestrian within its boundary to adopt the 
corresponding speed in accordance with the context of the current block. The outputs of Pedroute 
include the statistics of the overall journey time, the degree of congestion, and the level of service. 
However, when congestion emerged, Pedroute failed to consider the interaction between the 
pedestrian and its surrounding environment which could be in the form of physical obstacles or 
his/her neighbours, and that kind of interaction can be expressed as an affinity or repulsion force. 
 
Massive SW: Developed by Massive Software, Inc., Massive SW amounts to be as a 3D 
animation tool to emulate large crowds’ movement. Its way-finding algorithm is based upon a 
combination of simple navigation rules and the fuzzy logic where the pedestrian created in the 
simulation enjoyed synthetic vision, hearing and touch, thereby providing natural reaction to the 
stimuli environment. Although the pedestrians created by this software program possessed 
realistic artificial intelligence, the duration of that kind of intelligence failed to last a long period 
and only could function within a short term as 5 seconds, for example. 
 
Simulex: This is a software package designed for finding the escape route in the context of large 
buildings. Within the simulation, each pedestrian represented by a shape of an ellipse, and the 
distance of the centres between two ellipses is defined as the interpersonal spacing which can 
affect the pedestrian’s walking speed and other behaviours, for instance, overtaking, back-
stepping and sideways stepping. Furthermore, Simulex can be applied to handle the movement of 
the mass population and treat the floor plan as continuous space, but the calculation of the 
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pedestrian’s current position to the nearest emergency exit is as per a simply way-finding 
algorithm in terms of “distance map”, which is the inherent major weakness for this software. 
  
Myriad: As a software package specific for geometric spatial analysis, Myriad is used to judge 
the walking routes by calculating the current position to the desired object. However, that kind of 
calculation does not consider any movement algorithms.  
 
Besides the aforementioned ten software packages dominant in the current market, Legion Studio 
is the one most intensively applied in simulating pedestrian movement, especially in several 
important world events, for example, Sydney 2000 Olympic Games, Athens 2004 Olympic 
Games, Beijing 2008 Olympic Games, London's 2012 Olympic bid, and the planning projects in 
New York and Hong Kong’s metro stations (Wei et al., 2009). Probably, that kind of acceptance 
and widespread usage can be boiled down to the aspect of its elaborate pedestrian profile where 
its data were collected from all over the world in the last decade, covering 8 million actual 
experimental examples. Furthermore, until the latest released version, Legion Studio is deemed to 
commendably overcome the major weaknesses embedded within those aforementioned ten 
software packages. Therefore, it is both interesting and worthwhile to investigate the extent of its 
true powerfulness and what its striking characteristics and functionalities are.  
 
After the selection of Legion Studio as the evaluation object, next concern comes to the context 
for conducting this evaluation study. From the perspectives of the traffic engineers, that a large 
number of pedestrians has occupied and used limited amount of space is prone to create 
congestion, which is a recipe for potential hazards and calamities, so consequently congestion 
phenomenon is urgent for research for crowd-induced safety concerns (Antonini, 2006). In reality, 
pedestrian movement in a metro station during peak hours is one kind of the typical examples of 
extreme crowd phenomenon, with the attached explanations as follows: 
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Even though Mass Rapid Transit (MRT) has become a key and sustainable transport mode in 
metropolises all over the world (Miclea et al., 2007), extensively influencing their development 
and liveability in the economic, social and environmental fields (Vuchic, 2004), the entire system 
of mass rapid transit is a complex network, comprising a series of individual metro station which 
is an underground building with such limited available space that high density gathering crowd is 
not uncommon (Sun, 2010). Particularly during the peak hours, pedestrians’ demand for the 
metro station’s service has greatly exceeded the station’s facilities’ supply for usage, therefore 
resulting in notorious congestion. As to the aforementioned excessive time-dependent demand, it 
is contributed by, in the rush hours, the larger volume of the arriving pedestrians heading for the 
metro station, and the shorter train headway which renders more frequently the event of 
discharging passengers. Yet, as to the insufficient supply, it is partly due to deficient facilities’ 
capacities and partly due to unsatisfactory design and management of the facilities. It is because 
of that kind of imbalance of demand and supply that it leads to congestion, a source for the 
potential hazards. With respect to the example, panic-driven crowd would force some vulnerable 
people to fall down and then be trampled underfoot in the worst scenarios. Therefore, pedestrian 
movement in the metro station during peak hours has been earning more and more attention from 
researchers over these recent years, some of which prominent works including Lam and Cheung’s 
Pedestrian Speed/Flow Relationships for Walking Facilities in Hong Kong (2000), Daamen’s 
Modelling Passenger Flows in Public Transport Facilities (2004), and Yeo et al’s Commuter 
Characteristics in Mass Rapid Transit Stations in Singapore (2009). 
 
To sum up, taking into account the context for this evaluation study, this thesis aims to evaluate 
Legion Studio’s modelling capabilities in performing pedestrian simulation within the 
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1.2 Scope and Significance of the Study  
 
To obtain reliable and comprehensive results in achieving the objective of this thesis as the 
assessment of Legion Studio’s modelling capabilities in performing pedestrian simulation, it is 
necessary to bestow a scope in a greater detail instead of merely mentioning the evaluation 
context confined within a metro station. Since the original motivation for the study of pedestrian 
movement lies in crowd-induced safety issues, the places termed as the “crowd-prone venues” by 
the author in this thesis, which amount to the “hot spot” for easy occurrence of accidents due to 
over-saturated congestion, deserve more amount of attention. Based upon the author’s empirical 
experience and his filed survey on January 1st 2010, the four crowd-prone venues are 
recommended to be as a) an area in front of a gate-line, b) the confinement of a platform, c) the 
end portion (the tail or head) of a staircase or escalator, and d) an area in front of an elevator. In 
each crowd-prone venue, there will be one specific simulation task which is assigned to Legion 
Studio for the evaluation of its modelling capabilities in various aspects. Since there are four 
crowd-prone venues, there are correspondingly four simulation tasks. 
 
Furthermore, the general content of the simulation task points to the simulation of one specific 
kind of pedestrian activity in its corresponding crowd-prone venue. According to the sequential 
process of boarding the train or leaving the station, those four particular simulation tasks can 
manifest themselves as: Simulation Task A with the specification of queuing activity in front of a 
gate-line, Simulation Task B with the specification of waiting activity on a platform, Simulation 
Task C with the specification of transmission activity via a staircase or escalator, and Simulation 
Task D with the specification of transmission activity via an elevator. For the purpose of easy 
management, Simulation Task A and B are incorporated into the area of simulation tasks for 
horizontal flow movement meanwhile Simulation Task C and D the area of simulation tasks for 
vertical flow movement, by considering the point of dimensional view.  
 
CHAPTER ONE 
National University of Singapore                                                                                                                                            9 
Combined with the above discussions, the evaluation scope of this thesis actually points to the 
content of the four simulation tasks with the confinement of those four crowd-prone venues 
which are the place for the occurrence of its respective simulation activity. 
 
Upon the statement of the study scope, the balance of this section falls down to the significance 
of this thesis in terms of the academic benefits derived from this evaluation study in three aspects. 
 
Firstly, from the perspective of the evaluation process, the author applies his best knowledge 
about the pedestrian behavior and the understanding from the user manual of Legion Studio to 
explain how to use all the existing spatial objects representing the function of a particular facility 
in the station, which can act as an invaluable supplementary piece of information to Legion 
Studio’s user manual. Since accompanied by the release of the software package, the user manual 
does not include any complex demo examples or the usage of every single spatial object stated in 
a very detailed and clear way, and most importantly, nor do the existing literatures related with 
the application of Legion Studio, the author has tried his utmost to fulfill that gap, which is also 
the original impetus and motivation for this evaluation study on Legion Studio. Based upon the 
aspect of demonstration of the usage of the software in a greater detail, this kind of reference 
value can serve as the academic benefits. 
 
Secondly, from the perspective of the evaluation criteria, it is the best way to reflect the author’s 
important contributions. Nowadays, even though there is a huge progress in the software 
development, no widely recommended reference or measurement framework for the software 
assessment (Aae, 1995; Hass 2008). Furthermore, in the existing popular guides for evaluating 
software, only the general criteria are provided, let alone those guides specific for the software 
packages designed for pedestrian simulation. From that point of view, a set of specific criteria for 
evaluating the software packages specific for pedestrian simulation, with a typical example as 
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Legion Studio, has been innovatively put forward by the author. Admittedly, a set of those 
aforementioned specific criteria is derived from the author’s best knowledge on the pedestrian 
behaviours, and on how to manipulate the software, and on the understanding from some existing 
decent guides for software evaluation. 
 
Lastly, from the perspective of the ultimate evaluation results for this evaluation study, if Legion 
Studio was a robust package, pedestrian movement in the metro station could be transferred to 
another public space, for example, sports stadium, airports, plazas or other highly populated 
places. Conversely, if it was a lousy package, limited functionalities can be identified as an 
advisable caveat in selecting another software packages. Most importantly, the evaluation study is 
in fact a meaningful process to increase the understanding of Legion Studio’s functionalities and 
features, and then to make a final decision on whether or not to recommend it for further 
researches in other areas and that is the ultimate purpose of software evaluation (Owston, 1978). 
 
 
1.3 Organization of the Thesis  
 
A clear organization of the thesis is a prerequisite for conveying the author’s thoughts and 
































Figure 1.1 Thesis structure 
 
The first chapter is an introductory chapter, outlining an overview in sequence of the background, 
objective, scope and significance of this evaluation study. The core contents within the section of 
background and objective include the major weaknesses of the ten software packages dominant in 
CHAPTER ONE: INTRODUCTION 
   Background and Objective of the Study 
   Scope and Significance of the Study 
CHAPTER FOUR: SIMULATION TASKS 
FOR VERTICAL FLOW MOVEMENT AND 
EVALUATIONS 
 
CHAPTER THREE: SIMULATION TASKS 
FOR HORIZONTAL FLOW MOVEMENT 
AND EVALUATIONS  
 
CHAPTER TWO: METHODOLOGY 
   Evaluation Framework 
   Legion Studio’s Way-Finding Algorithm  
CHAPTER FIVE: CONCLUSIONS  
   Conclusions and Recommendations 
   Final Comments on Simulation Study 
Simulation Task C: Transmission Activity
via a Staircase or Escalator 
   Construction of Unidirectional
Locomotion on a Staircase or Escalator in
Heavy Traffic Conditions 
   Recommended Corrections for Jam-
Induced Anomalies 
   Comparative Studies with Bidirectional
Locomotion and Accelerated Movement 
   Comparative Studies with Alternative
Construction of an Ad-hoc Staircase or
Escalator  
   Extended Discussions & Evaluations 
Simulation Task D: Transmission Activity
via an Elevator  
   Construction of Up-to-Down
Unidirectional Carriage 
   Comparative Studies with Bidirectional
Carriage 
   Extended Discussions & Evaluations 
Simulation Task A: Queuing Activity in
Front of a Gate-Line 
   Construction of a Single-Queue-Multi-
Server System 
   Recommended Corrections for Anomalies
in the Single-Queue-Multi-Server System 
   Comparative Studies with a Grouped
Single-Queue-Single-Server System 
   Recommended Corrections for Anomalies
in the Grouped Single-Queue-Single-Server
System 
   Extended Discussions & Evaluations 
Simulation Task B: Waiting Activity on a
Platform 
   Construction of Waiting Activity
Governed by Distance-Driven Linear
Dispersion  
   Recommended Measures for Collision
Mitigation in the Train Door Interface 
   Comparative Studies with Waiting
Activities Governed by Various Dispersions 
   Extended Discussions & Evaluations 
CHAPTER ONE 
National University of Singapore                                                                                                                                            12 
the current market, and correspondingly the reasons for the selection of Legion Studio as the 
evaluation object to perform pedestrian simulation. For reliable and accurate evaluation results, 
the statement of the study scope is introduced. Additionally, the significance of this evaluation 
study in terms of academic benefits has also been put forward in the last section. 
 
The second chapter intends to address two kinds of “how to” issues. The first issue is on how to 
realize the objective of this thesis, which equates as the methodology for this evaluation study, 
whilst the second issue falls down to the Legion Studio’s underlying way-finding algorithm. The 
knowledge of that algorithm is the baseline for understanding the principles that how Legion 
Studio to channel the pedestrians created in the simulation to move from one point to the other, 
important for grasping the ideas for constructing every simulation task. 
 
The third chapter is the core content of the evaluation study within the scope of two simulation 
tasks for horizontal flow movement, namely, queuing activity in front of a gate-line, and waiting 
activity on a platform. Under the established evaluation framework’ instructions, there is a set of 
specific criteria in one simulation task designed to assess Legion Studio’s  modeling capabilities 
from various aspects. 
  
The fourth chapter is also the core content of the evaluation study but deals with two other 
simulation tasks for vertical flow movement, for instance, transmission activity via a staircase or 
escalator, and transmission activity via an elevator. Similarly, the process of the evaluation study 
is also under the guidance from the evaluation framework. 
 
The last chapter is a conclusive chapter. It has summarized the ultimate evaluation results and 
provided as well the recommendations for this thesis. In addition, the author’s comments about 
the simulation study on the whole basis are also marked down as the epilogue.  
CHAPTER TWO 
METHODOLOGY 




The purpose of this second chapter is to address two important “how to” issues. To be specific, 
the first issue lies in how to realize the objective of this evaluation study, equal to the 
methodology in the jargon, meanwhile the second issue intends to explain Legion Studio’s 
underlying way-finding algorithm, under which instructions, how the software package directs 
the pedestrians to move from one point to another. In other words, the way-finding algorithm is 
actually the basic rules for the software to handle the movement for an individual or a group of 
pedestrians starting from the current position to the next interim destination until the final 
destination. After grasping the general idea behind that way-finding algorithm, it will facilitate 
understanding the behaviors for the pedestrian created in the simulation to react to the 
surrounding environment in the form of physical obstacles or his/her neighbors. 
 
 
2.2 Evaluation Framework 
 
As stated in Chapter 1, there is no widely recommended reference or measurement framework 
available in the domain of software assessment (Rae, 1995; Hass 2008). One of the reasons 
behind that fact is that the practice of software evaluation is usually conducted by the 
authoritative consulting companies, but there exists a large number of those consulting companies, 
so do the existing evaluation criteria (Jones, 2000). Therefore, the difficulty in the compromise of 
the established evaluation criteria created by those different authoritative consulting companies 
hardly leads to the conformity of one recommended evaluation framework for conducting the 
software evaluation. Furthermore, even though there are several decent guides available for the 
software evaluation, the criteria described in those guides are usually too general to be adopted 
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for assessment of one specific kind of software packages. To support that statement, the 
following five books are selected to articulate their respective basic ideas for evaluating the 
software packages. 
 
Guide for Evaluating Engineering Software (1989) published by the American Society of Civil 
Engineers deals with the engineering software packages, especially for those in the domain of 
Civil Engineering. In this book the entire evaluation task was described in eight areas, namely, 
software functionality, software developer’s qualifications, documentation, testing and validation, 
user qualifications, software maintenance, organizational impact, and legal issue. As to the 
emphasis of this book in the area of software functionality, these four factors matter: operating 
system, transportability, input data validation, error recovery and restart capability. 
 
Owston (1987) in his classic book - Software Evaluation: a Criterion-based Approach - has put 
forward not only the scope of the evaluation, but also the rating scale for the assessment. To be 
specific, when evaluating the software packages, these five categories as the criteria serve as the 
evaluation scope: content, instruction, documentation, technical and modelling. For each category, 
a four-point criterion-based scale is created to describe the software package’s performance to 
fulfil one category’s requirements and that four-point scale exhibits itself in this way: Level 4 as 
Exemplary, Level 3 as Desirable, Level 2 as Minimally Acceptable, and Level 1 as Deficient. 
 
In order to enrich the evaluation criteria for a more comprehensive assessment, Jones (2000) in 
his book - Software Assessments, Benchmarks, and Best Practices - has introduced his consulting 
company’s approach termed as SPR Assessment Approach to use about 250 factors with 100 as 
the frequently-used factors to thoroughly evaluate the software. Amongst all those factors 
described in the book, Jones has summarized them into 6 broad areas, namely, software 
classification factors, project-specific factors, technology factors, sociological factors, ergonomic 
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factors, and international factors. Furthermore, the methodology for the evaluation has been 
described as a detailed questionnaire for the users to respond. The form of that response is based 
upon a five-level SPR Excellent scale and those five levels manifest themselves as Excellent, 
Above average, Average, Below average and Poor. 
 
Regarding the ultimate evaluation purposes, besides the evaluation study as a means to better 
understand the software package and to find out the potential errors or defects, Rae et al (1995)’s 
book - Software Evaluation for Certification - mentioned one more additional ultimate evaluation 
purpose as to how to achieve the certification for the evaluated software package. In this book, 
the scope of the software evaluation has been focused upon a set of quality attributes which 
consists of functionality, reliability, usability, efficiency, maintainability, and portability. In the 
process of evaluation, the specific details of testing techniques in terms of static analysis and 
dynamic analysis are also outlined. As to the static analysis, techniques are described as 
producing the alternative representations of the software, checking for anomalies, and calculating 
the metrics, meanwhile coverage analysis, assertion checking, variable monitoring, and timing 
analysis are the techniques designed for the dynamic analysis. 
 
Another currently popular guide for the software evaluation, Guide to Advance Software Testing 
by Hass (2008), has been proposed two important issues: for one thing as to the content for the 
technical test, it mentioned the evaluation scope in the areas including security testing, reliability 
testing, efficiently testing, maintainability testing, and portability testing; for the other thing as to 
the testing techniques, its content covers specification-based techniques, structure-based 
techniques, defect-based techniques, and experience-based techniques. 
 
According to the current dilemma in the domain of the software evaluation, there is a golden 
opportunity available for the author from the perspectives of a traffic engineer to put forward his 
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method to assess the software’s functionality in performing pedestrian simulation. By 
incorporating the author’s best knowledge on software manipulation and the general ideas from 
the above five decent guides, three general criteria for the evaluation of Legion Studio arise: a) 
how easy for the software package to construct a virtual process or system, b) how versatile for 
the software package to correct anomalies, and c) how flexible for the software package to 
perform comparative studies. Without loss of generality, those three general criteria are deemed 
to enjoy the same weighting as the implicit weighting assumption. In fact, the true meaning of the 
modeling capabilities in this thesis refer to the contents of those three general criteria, and 
correspondingly evaluation of Legion Studio’s modeling capabilities actually equates the 
assessment of its easiness in constructing a virtual process or system, of its versatility in 
correcting anomalies, and of its flexibility in performing comparative studies as well. For each 
general criterion, a five-level rating scale is applied to quantify the degree of Legion Studio’s 
performance to fulfill that criterion’s requirements, and these five rating levels are also in the 
form of Excellent, Above average, Average, Below average and Poor which is the same as the 
SPR Assessment Approach’s rating scale, with explicit meaning. 
 
Admittedly, the three general criteria are merely the basic rules for evaluating Legion Studio’s 
modeling capabilities. Since Legion Studio is intended to be assessed by four kinds of different 
simulation tasks with the context of its corresponding crowd-prone venue as the occurrence place, 
four sets of specific criteria are designed where each one set of specific criteria corresponding to 
one simulation task is all derived from the same three general criteria. The detailed meanings are 
illustrated by Table 2.1, the prototype of this thesis’ evaluation framework. Therefore, the 
ultimate evaluation results can be expressed by Table 2.1 and its complete form will be done by 
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Table 2.1 Evaluation framework 
Simulation Task A: Queuing activity in front of a gate-line 
General criteria Specific criteria Rating level 
Easiness in constructing 
a virtual process/system 
1.1 Easiness in constructing a single-queue-multi-
server system 
 
Versatility in correcting 
anomalies  
1.2 Versatility in correcting anomalies in the 
single-queue-multi-server system 
 
Flexibility in performing 
comparative studies 
1.3 Flexibility in performing comparative studies 
with a grouped single-queue-single-server system 
 
Versatility in correcting 
anomalies 
1.4 Versatility in correcting anomalies in the 
grouped single-queue-single-server system 
 
  
Simulation Task B: Waiting activity on a platform 
General criteria Specific criteria Rating level 
Easiness in constructing 
a virtual process/system 
2.1 Easiness in constructing waiting activity 
governed by distance-driven linear dispersion 
 
Versatility in correcting 
anomalies  
2.2 Versatility in making measures for collision 
mitigation in the train door interface 
 
Flexibility in performing 
comparative studies 
2.3 Flexibility in performing comparative studies 




Simulation Task C: Transmission activity via a staircase or escalator 
General criteria Specific criteria Rating level 
Easiness in constructing 
a virtual process/system 
3.1 Easiness in constructing unidirectional 
locomotion on a staircase or escalator in heavy 
traffic conditions 
 
Versatility in correcting 
anomalies  
3.2 Versatility in correcting jam-induced anomalies  
Flexibility in performing 
comparative studies 
3.3 Flexibility in performing comparative studies 
with bidirectional locomotion and accelerated 
movement  
 
Flexibility in performing 
comparative studies 
3.4 Flexibility in performing comparative studies 
with alternative construction of an ad-hoc staircase 
or escalator  
 
  
Simulation Task D: Transmission activity via an elevator 
General criteria Specific criteria Rating level 
Easiness in constructing 
a virtual process/system 
4.1 Easiness in constructing up-to-down 
unidirectional carriage 
 
Flexibility in performing 
comparative studies 
4.2 Flexibility in performing comparative studies 
with bidirectional carriage 
 
 
Taking Simulation Task A as the construction of the simulation of queuing activity in front of a 
gate-line for example, the general criterion as easiness in constructing a virtual process or system 
would be expressed as the specific criterion’s requirement stated as easiness in constructing a 
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single-queue-multi-server system in this particular context of the joint area of the gate-line. For 
the fulfillment of that criterion, there is a series of execution procedures or items in a temporal or 
sequential order to explain how the author to achieve the fulfillment for that criterion, and the 
detailed explanations would be articulated with Table 2.2’s support. 
 
Table 2.2 Expansion of execution procedures/items for the fulfillment of one specific criterion  
Simulation Task A: Queuing activity in front of a gate-line 










1.1 The general settings  
1.2 Configurations for the servers 
1.3 Configurations for the waiting 
line 
 
Still taking the specific criterion as easiness in constructing a single-queue-multi-server system 
for example, the author has designed three steps termed as execution procedures hereinafter to 
explain the process in fulfilling that specific criterion’s requirement, namely, a) the general 
settings (for Simulation Task A), b) configurations for the servers, and c) configurations for the 
waiting line. By following those three execution procedures as the guideline to achieve the 
criterion’s requirement as easiness in constructing a single-queue-multi-server system, the degree 
of that easiness would be assessed by one of the rating levels from the five-level rating scale, for 
example, Excellent, Above average, Average, Below average and Poor. 
 
As to the application of that five-level rating scale, there are two pieces of basic guidance 
intended for explanations. Firstly, in a common sense, one rating level assigned to one specific 
criterion is proportional to the software package’s strengths in the modeling capabilities. In other 
words, a higher level reflects the package’s greater strengths and vice versa. Secondly, according 
to a rule of thumb proposed by Owston (1978), when the uncertainty arises about how to select 
one rating level from the two adjacent rating levels for one particular criterion, the lower of the 
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two is recommended. By doing that, inflation of the assessment would be prevented and 
simultaneously the evaluation study would be more reliable. 
 
Admittedly, the five-level rating scale inevitably involves the elements of subjective judgment, 
but a reliable evaluation framework is reflected more by the objective and scientific criteria than 
by the subjective rating levels, since a reliable evaluation framework can be capable of allowing 
different evaluators, by using the same criteria, to obtain similar rating results (Owston, 1978). 
Therefore, the author would strictly provide a balanced, objective and comprehensive ultimate 
evolution results for this thesis as the software evaluation study. 
 
 
2.3 Legion Studio’s Way-Finding Algorithm 
 
Legion Studio is an integrated software package consisting of three major Applications, namely, 
Model Builder, Multi-Agent Simulator and Analyzer. Since the major functionality of Model 
Builder is to build simulation programs in the confinement of an input CAD drawing as the 
building layout, the evaluation of Legion Studio’s modeling capabilities in fact refers to that of 
Model Builder’s capabilities, due to its affording the functionality in constructing a virtual 
process or system for the simulation of pedestrian activities, reflecting the software package’s 
strengths. As to the other two Applications as Multi-Agent Simulator and Analyzer, their major 
functionalities, as their names suggest, are to run and analyze the simulation results respectively. 
 
Within the Application of Model Builder, there are two kinds of spatial objects, activity spatial 
object and routing spatial object, which serve distinct purposes. On a whole basis, each spatial 
object has a defined shape and size, two of which combine to provide limit amount of space for 
the pedestrians termed as entities in Legion Studio to complete a particular activity, for instance, 
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pausing, stopping or changing a forwarding direction. To be specific, an activity object represents 
how a real facility, for example, a staircase or elevator, etc. operates when there is at least one 
pedestrian within its boundary, whereas a routing object is to re-channel the pedestrian’s 
forwarding direction when there exist abnormal movements caused by Legion Studio’s way-
finding algorithm. In other words, a routing object acts as an indicative direction to compulsorily 
correct the pedestrian’s misbehaviors due to the unexpected situations which Legion Studio’s 
way-finding algorithm fails to handle it. In the balance of this thesis, Entrance object, Exit object, 
and Waiting Zone object, for example, are the so-called spatial objects. 
 
Overall, this section will present two core contents - pedestrian characteristics and how those 
characteristics would affect Legion Studio’s way-finding algorithm.  
 
For Legion Studio’ treatment on each individual pedestrian, embedded with him/her were two 
main categories of attributes, that is, his/her status, and a projected pedestrian size termed as 
footprint in the shape of a circle appearing in the simulation, viewed from the top, and the 
combined effect of those two attributes would affect the individual’s forwarding speed. 
Specifically, for the first category of attributes, the types of pedestrian status can be boiled down 
to, for instance, commuters, weekend passengers, runners, stadium spectators and tourists that the 
software package provides by default. For the second category, the actual footprint is dependent 
upon the human physique and the attachment of the luggage. With respect to the human physique, 
its size is region-specific, with the Legion-provided options as Asian, Chinese, North American, 
Southern European and UK. As for the hypothetical case study hereinafter in this thesis, the 
pedestrians of interest are focused upon as Asian commuters hereinafter. 
 
When it comes to the descriptions of the projected human physique without luggage as an ellipse, 
the body depth and shoulder breath are the two determinant factors, and this body ellipse 
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dependent upon different regions follows a certain distribution which can be referred to Pheasant 
and Haslegrave’s (1996) classic book on body dimensions. In a most common case, 
recommended dimensions for a male body ellipse, as shown in Figure 2.1, depict as 18 inches as 
the body depth and 24 inches as the shoulder breadth proposed by Fruin (1971), or as 0.5 meters 
as the body depth and 0.6 meters as the shoulder breath argued in HCM (High Capacity Manual) 
2000. In the real manipulations, both depictions have been adopted widely by the contractual 
designers, consulting engineers and transport planners. Additionally, the luggage size attached to 
a particular pedestrian can be determined as none, small (for example, a briefcase or similar), 
medium (for example, a suitcase), large (for example, a large suitcase or two medium suitcases) 
or random (random allocation of attachment from those four above options). Since the body depth 
in length is less than the shoulder breath in length, and the difference in between is slight, Legion 
Studio has adopted the latter as the diameter of a footprint, thereby producing the footprint as a 





Figure 2.1 Dimensions for a body ellipse  
 
For a more realistic simulation, the commuters using the metro station comprise the pedestrians in 
all ages. Therefore, three broad categories of the commuters are introduced, that is, children 
commuters, adult commuters and elderly commuters, and each category is termed as one entity 
18" body depth in Fruin 
0.5 m body depth in HCM 2000
24" shoulder breath in Fruin 
0.6 m shoulder breath in HCM 2000 
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type in Legion Studio, where one entity type means a group of the pedestrians sharing with the 
similar characteristics, for example, age in this simulation. Certainly, the speed profile for 
different entity types varies in accordance with different ages, and the age-specific speed profiles 
corresponding to its respective entity type are adopted from Yeo and He’s experimentally 
collected data (2009) as the hypothetical case study in this thesis, where the information was 
obtained by the in-situ observations on 63 operational stations in Singapore during morning and 
evening peak hours on one typical weekday in 2005. Based upon the collection data, each speed 
profile for its respective entity type is converted into a perfect normal distribution with the input 
parameters of mean and standard deviation as exhibited in Table 2.3. 
   
Table 2.3 Free-flow walking speed on the flat ground for the commuters of different ages 
 Mean (m/s) Standard deviation (m/s) 
Children 1.08 0.23 
Adult 1.04 0.21 
Elderly 1.27 0.14 
 
For the issue of the proportion standing for each entity type, the age structure of the commuters is 
consistent with that of an entire population in Singapore as another hypothetical assumption for 
the following experiments in this thesis. According to the demographic statistics published in 
Population Trends 2010, the data for the year 2009 indicate that the proportion of children (under 
15 years), adults (15-64 years), and elderly (65 years and over) account for 17.9%, 73.3% and 
8.8% respectively.  
 
Upon the discussions of the entity type’s characteristics, the ensuing discussion falls down to the 
“birth place” where the pedestrians were created in the simulation and the functionality of that 
alleged “birth place” is borne by the Entrance object, within which two items of input are 
required to be associated, that is, a) arrival profile and b) supply type or entity type as illustrated 
in Figure 2.2. Specifically, an arrival profile is to determine the amount of pedestrians would pass 
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through from where to where over a defined time period, whilst a supply type or entity type is to 
dictate what type of pedestrians would be created in the simulation tasks. The benefits of the 
explanations of the settings in the Entrance object is to allow easy understanding the first step for 
the general settings which is the necessary design for each and every simulation task. 
Additionally, since Figure 2.2 is the first illustration to show the layout of the local particular 
MRT station in Singapore which will be consistently used in the following experiments, here is 
the brief introduction for this building structure: totally there are four floors comprised of this 
MRT station. The ground level as shown in Figure 2.2 consists of the entrance and exit open for 
the inlet and outlet of the passengers, and the staircase, escalator and elevator for the passengers 
to go downwards to the Level 01 where lies in the unpaid and paid concourse between which is 
the gate-line as the threshold. Vertically connecting Level 01 and Level 03 is Level 02 via the 
facilities of the staircase, escalator and elevator. Lastly, the major space occupied in Level 03 is 
the confinement of the platform which can accommodate two trains running from two opposite 
directions. 
 
Figure 2.2 Associated settings in the Entrance object 
 
Hereinafter, extended information is the detailed explanations of the two items of input associated 
within the Entrance object. In the case of an arrival profile, it is actually equal to a paired O-D 
(Origin-Destination) matrix encapsulated with an arrival rate. As can be seen from Figure 2.3, 
“entrance01-easttrain” highlighted with a smaller red rectangle mirrors the origin and destination 
respectively, whereas the green histogram, i.e. the arrival rate, indicates the pedestrian’s 
Entrance Object 
Supply Type/Entity Type Arrival Profile 
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distribution pattern over a defined time period and Legion Studio treats the arrival rate as the 




Figure 2.3 Arrival profile of entrance01-easttrain 
 
The other associated item of input is the determination of the supply type or entity type which 
dictates what type of pedestrians would be created in the simulation. The alleged supply type 
means a collection of the already existing entity types and its main purpose is to combine the 
entity types into one group which shares the same O-D matrix for easy management of the data. 
Since the arrival profile includes a paired O-D matrix, its corresponding supply type is better to 
be defined as per the commuting purpose. By incorporating the sequential process of boarding the 
train or leaving the station into the context of the MRT station used in this thesis, there are four 
pairs of O-D matrixes, namely, entrance01-easttrain (the entrance in the ground level as the origin 
and the eastbound train as the destination), entrance01-westtrain (the entrance in the ground level 
as the origin and the westbound train as the destination), easttrain-exti01 (the eastbound train as 
the origin and the exit in the ground level as the destination), and westtrain-exit01 (the westbound 
train as the origin and the exit in the ground level as the destination). In all, by connecting the 
respective pair of O-D matrix with the commuting purpose, three supply types have been 
designed as Supply Type Boarding2EAST (a collection of entity types with the same boarding 
intention to the eastbound train), Supply Type Boarding2WEST (a collection of entity types with 
the same boarding intention to the westbound train), and Supply Type Alighting201 (a collection 
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of entity types with the same alighting intention to the ground level) where the passengers 
alighting from the eastbound train or the westbound train would all head for the ground level to 
leave the station. 
 
 
Figure 2.4 Age structure in the Supply Type of Boarding2WEST 
 
 
Figure 2.5 Age structure in the Supply Type of Alighting201 
 
As can be seen from Figure 2.4 and Figure 2.5, the all three supply types are a collection of the 
same three entity types - children, adults and elderly, showing the same age structure with the 
proportion of 17.9%, 73.3% and 8.8% respectively. Hereinafter, the entity types representing the 
pedestrians of different ages in the supply type of Boarding2EAST and of Boarding2WEST use 
the blue-based cold color, meanwhile the entity types in the supply type of Alighting201 red-
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based warm color, and darker the color is, more elderly the pedestrians are and vice versa, for the 
purpose of a good visual effect. 
 
Upon the introduction of pedestrian characteristics, next concern comes to Legion Studio’s 
underlying way-finding algorithm, a basic rule for the software to channel its entity to move in 
the layout. 
 
Generally speaking, Legion Studio adopts agent-based modeling approach as the treatment on the 
pedestrians it created. By definition, an agent refers to an independent entity (i.e. pedestrian) with 
individual characteristics (Takao, 2006; Shinako and Takao, 2007). The idea behind that 
approach is that every action taken by an agent in the simulation would follow a set of general 
rules, meanwhile enjoy amount of autonomy. Regarding to the amount of autonomy, it relates to 
the agent’s characteristics, for instance, age. When created in the simulation program, every agent 
guided by the agent-based modeling approach would be treated as a real pedestrian with artificial 
human-like intelligence, so consequently the concept of the alleged agent-based simulation is the 
one in which case how a group of agents functions at macroscopic level depends upon how an 
autonomous agent to interact with its surrounding environment in the form of physical space or 
the agent’s neighbors. 
 
With respect to the alleged artificial human-like intelligence, it means the pedestrians created in 
the simulation could understand, in a particular context, “what to do” and “how to do it” stated in 
an easier understanding manner. As to the concept of a particular context, it refers to three sorts 
of information including, a) a facility type in the simulation represented by a spatial object, for 
example, walkway or platform, etc., b) the surrounding physical space in the form of accessible 
space or physical obstacles, and c) the surrounding neighbours’ behaviours. To be specific, when 
a pedestrian was within a spatial object’s boundary (for example, a Stair object), that spatial 
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object would inform he/she of the current context information (for example, this was a staircase 
leading upwards), and of the next target object’s information (for example, an Exit object). By 
receiving those two pieces of information, a pedestrian within the current spatial object as a Stair 
object would know he/she was climbing upwards a staircase and heading for an exit as the next 
target object, which amounts to the meaning of “what to do”. As to the meaning of “how to do it”, 
i.e. how to climb up a staircase and head forwards to an exit is affected by two factors, for 
instance, a) a set of general rules termed as PLE (Principle of Least Effort) in Legion Studio, and 
b) a focus of the next target object. With respect to the structure of a focus for a spatial object, it 
includes three elements: a Focal Point, a Focal Segment (Line), and two configurable approach 
angles and their respective functions will be articulated later on. 
 
As to the rule of PLE, it can be expanded into three particular underlying rules, that is, a rule of 
minimum inconvenience, a rule of minimum frustration, and a rule of minimum discomfort. By 
definition, the inconvenience degree is represented by a measure of the walking experience in the 
violation between an actual length and an ideal length of a journey, the frustration degree the 
violation between the actual speed or time and a pedestrian’s preferences, meanwhile the 
discomfort degree the violation between the actual distance to his/her neighbours or to the nearby 
obstacles, and a pedestrian’s preferred clearance. That kind of amount of those three 
psychological measures can be observed in the Application of Multi-Agent Simulator or Analyzer 
by holding the mouse upon a certain pedestrian with the results as displayed in the case of Figure 
2.6 which depicted that a current pedestrian (Entity ID: 215) showed the value of 0.11, 0.00 and 
0.28 for the degree of inconvenience, frustration, and discomfort respectively, and their combined 
effects were mirrored by the degree of dissatisfaction, a summation of those three psychological 
measures. In all, when the Principle of Least Effort manifesting itself as the three minimum rules 
(a rule of minimum inconvenience, a rule of minimum frustration, and a rule of minimum 
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discomfort) functions on a particular pedestrian, he/she would try his/her best to reach the 
destination at his/her preferred speed with least time or shortest spatial distance (Guy et al. 2010).   
 
 
Figure 2.6 Psychological measures for a pedestrian   
 
In fact, the realization of Legion Studio’s way-finding algorithm is the combined effects of the 
PLE and the function of a focus for the next spatial target object, and this algorithm’s integrated 
effects on a pedestrian’s movement will be articulated based upon the author’s substantial number 















































Figure 2.7 A simple journey for one pedestrian  
 
 
Here, it is first and foremost to explain the notations in Figure 2.7. The rectangle depicted a 
certain kind of an abstract spatial object to which a focus was attached where a Focal Segment 
was placed upon the top-side edge of a spatial object, two configurable approach angles were 
attached to the both ends of the that edge and a Focal Point as a smaller red dot overlapped the 
Focal Segment’s midpoint. Moreover, the larger black dot represented a single pedestrian. As for 
the arrowed solid curve and the arrowed dashed line, they indicated the actual trace and the ideal 
shortest path respectively. Overall, there was a hierarchical structure with three levels of spatial 
objects viewed from top to bottom where the uppermost, the intermediate, and the lowest level 
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stood for an Entrance object, a series of n interim target objects and an Exit object. In between of 
the two adjacent levels there was a connection termed as a linkage which the spatial object in the 
upper level emitted, meanwhile the object in the lower level seamlessly received. In Legion 
Studio, the spatial object which emits the linkage is termed as the origin object and 
correspondingly the one which receives the linkage as the target object. By incorporating that 
statement into Figure 2.7, the interim target object can be deemed as the target object for the 
Entrance object due to its receiving the linkage meanwhile as the origin object for the Exit object 
because of its emitting the linkage. Nevertheless, the Entrance object and the Exit object, the two 
special spatial objects, can only emit and receive the linkage respectively. Prior to starting a 
journey, that pedestrian would be encapsulated with its own characteristics as a complete entity.  
 
The function of an Entrance object is like a “birth place”, randomly creating a pedestrian within 
its boundary and simultaneously marking down the position of his/her birth place. Therefore, as 
soon as the emergence, that pedestrian would instantaneously obtain such information including 
the position of his/her birth place, the current context as the entrance which would determine 
him/her to adopt the free-flow walking speed on the flat ground, and the general location of 
his/her next target object by the linkage indication. As to the purpose of linkage indication, it 
indeed functions in this way: although the pedestrian has yet seen the next target object, Legion 
Studio would at first compute an ideal shortest path for him/her in the form of a dashed line. The 
idea behind that computation of an ideal shortest path depends upon the connection distance from 
the position of the birth place in the first level to the position of the Focal Point of the next target 
object (the n-1th interim target object, for example) in the second level by following the rule of 
PLE which leads him/her to cover the least spatial distance in between at his/her preferred free-
flow speed. Additionally, the position in Legion Studio is in the form of two dimensional 
coordinate in the plan view. Therefore, the function of a Focal Point acts as an indicator or 
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general benchmark for Legion Studio to calculate the ideal shortest path for each pedestrian 
created in the simulation. 
 
Assumption has it that when there was only one pedestrian created in the simulation, it was most 
likely for him/her to head for the n-1th interim target along the ideal shortest path. However, when 
that pedestrian was immersed in such an environment that a pedestrian platoon was in locomotion, 
he/she had to adjust intelligently his/her current speed to avoid brush against others or to obtain 
more personal space. Under that sort of condition, the arrowed solid curve has illustrated the 
actual trace for that very pedestrian, deviated from the ideal shortest path, exhibiting the trace 
ending within the boundary of the nth interim target, rather the intended n-1th one. This 
phenomenon is quite normal and more appropriate for the real life situations in that the pedestrian 
in the simulation tried to behave with human-like intelligence to get avoidance from the jam. One 
possible explanation for that phenomenon of target change is that the pedestrian had been 
assigned with an extra attribute marked as a congestion avoider in which case that marked 
pedestrian would be most likely to switch to a new target when heavy congestion occurred in 
front of his/her original intended target.  
 
As mentioned above, the issue of “how to do it” is affected by the dual impacts from the rule of 
PLE and a focus of the next target object. Since the function of a Focal Point has been introduced, 
hereinafter the emphasis should be on the functions of the Focal Segment and the two approach 
angles. Continuing is the illustration of that pedestrian’s remaining journey from the second level 
of the nth interim target object to his/her Exit object as the final target object. Also, the 
computation of an ideal shortest path from the nth interim target object to the Exit object is 
identical to that from the Entrance object to the n-1th interim target object. As to the actual trace, 
it is still subject to that pedestrian’s neighbours’ behaviours, plus the affects from the surrounding 
physical obstacles. 
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Indeed, when the pedestrian moved forwards by following of the rule of PLE, Legion Studio had 
assigned a decision-making area for him/her. In the phase that when that pedestrian stood 8 
meters far away from the Focal Point of the next target object, the decision-making area for 
him/her to take the next best step for progress was only affected by the surrounding physical 
obstacles. However, as soon as stepping into the trapezoid boundary shown as the red area in 
Figure 2.7, even though that pedestrian would still move forwards under the instruction of PLE, 
yet at this phase, the decision-making area was confined by the trapezoid boundary where the 
perpendicular distance between the trapezoid’s top-side edge and its bottom-side edge was 8 
meters, and the trapezoid’s bottom-side edge overlapped the Exit object’s Focal Segment. The 
length of the two configurable approach angles attached to the Exit object’s Focal Segment’s end 
vertexes were equal to the two inclined edges of that trapezoid. The confinement of the trapezoid 
boundary functioned like human beings’ visual detection range to the object ahead, subject to the 
angle and the vision distance which was adopted as 8 meters hereinafter, equal to the normal 
vision distance for most human beings. Since the shape of the trapezoid was only subject to the 
Exit object’s two approach angles, this decision-making area was shared by all the pedestrians 
within that boundary. However, when the perpendicular distance from a pedestrian’s current 
position to the Focal Segment had narrowed down to 2 meters or less, the decision-making area 
would be changed into the triangle boundary as the blue area confined by the pedestrian’s current 
position in relation to the two end vertexes of the Focal Segment. Because of the shape of that 
triangle was only subject to the pedestrian’s current position, it was a unique area and exclusively 
for its corresponding individual pedestrian. For the benefit of that kind of exclusion, it prevented 
the synchronous movement of two pedestrians, which would lead to hesitations and unnatural 
congestion. Additionally, when determining the decision-making area, applicable for the case of 
the trapezoid boundary and the triangle boundary, Legion Studio would subtract the exclusive 
area in the form of a green circle, and the purpose for that subtraction was to prevent the 
unnatural congestion at the corner. The radius of that green circle was the summation of the body-
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radius and the subjective lateral clearance which was influenced by the pedestrian’s current 
momentum and the ambient density.  
 
For a more comprehensive discussion of the combined effects of the Focal Segment and the 
approach angles on pedestrian’s behavior before and after crossing the Focal Segment, Figure 2.8 
is employed for the illustration. As can be observed from Figure 2.8, there were three abstract 
spatial objects in total where the Focal Segment was placed upon the foremost edge of that spatial 
object which first caught sight of the incoming pedestrians, that is, the right-side edge in this 
example, meanwhile the Focal Point was the midpoint of the Focal Segment. What’s more, within 
each spatial object’s boundary, there was a virtual central axis which partitioned the spatial object 
into two parts with equal size and the mirrored shape. Therefore, behaviour for the pedestrian 
beneath the central axis was deemed as the mirrored reaction of the pedestrian above that axis, so 
consequently only the pedestrian above the axis will be ready for illustrations. 
 
In general, the trajectory for the pedestrian to get access to the Focal Segment was roughly on par 
with the inclination of the approach angle, supported by the case where the degree of the 
approach angle to the horizontal was 0˚ as shown in Figure 2.8.A. However, when the degree was 
greater than 0˚viewed in the anti-clockwise direction as the case of Figure 2.8.B or the clockwise 
direction as the case of Figure 2.8.C, the effective width became shorter than the length of its 
corresponding Focal Segment. As to the concept of effective width termed hereinafter by the 
author refers to the estimated maximum width open for accepting the pedestrian to get across the 
spatial object’s foremost edge, and correspondingly the concept of passage is the spacing range 
available for the pedestrian to move inside the boundary after the pedestrian’s understanding of 
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Figure 2.8.C Approach angle to the horizontal is greater than 0˚in the clockwise direction 
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For Figure 2.8.A, the top-side approach angle in the form as a green arrow was 0˚ to the 
horizontal in which case the effective width was the same as the Focal Segment’s length. Under 
that sort of condition, the approach angle actually had no impact on the pedestrian’s forwarding 
direction, so consequently the pedestrian would progress forwards with the trajectory in the form 
as a straight line, and correspondingly the passage was the entire space of the spatial object. 
 
For Figure 2.8.B, the approach angle at the top side in the form as a green arrow was greater than 
0˚ marked as B˚, viewed from the anticlockwise direction to the horizontal in which case the 
effective width was less than the Focal Segment’s length. When the pedestrian had stepped into 
the decision-making area, he/she would fine-tune his/her forwarding direction to such an extent 
that the forwarding angle was approximately on par with his/her closer approach angle in the top 
side as much as possible, so consequently the occupied space of the passage in the form of the 
solid green rectangle was less than that of the entire spatial object. Moreover, the occupied space 
of the passage is inversely proportional to degree of the approach angle. To be specific, the 
absolute value of B˚ is smaller than that of A˚, but the occupied space of the passage 
corresponding to the B˚ is larger than that corresponding to the A˚ in the form of a solid blue 
rectangle.  
 
For Figure 2.8.C, the approach angle at the top side in the form as a green arrow was greater than 
0˚ marked as B˚, viewed from the clockwise direction to the horizontal in which case the 
effective width was also less than the Focal Segment’s length. Under that sort of condition, the 
pedestrian’s behaviour in fine-tuning his/her forwarding direction was similar with the case of 
Figure 2.8.B where he/she would move forwards yet with the upward adjustment propensity 
simultaneously, and the forwarding movement was still roughly on par with the approach angle 
dictated by the B˚. Yet, the resultant the passage in the form of solid green rectangle was split 
into two marginal portions appearing in the spatial object’s two end portion, deviated from the 
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virtual central axis. Also, the occupied space of the passage is inversely proportional to degree of 
the approach angle. 
 
To sum up, the combined function of the Focal Segment and two approach angles is to direct and 
then fine-tune the individual pedestrian’s behavior in approaching to the target spatial object in a 
more realistic manner and to prevent unnatural congestion at the corner of the spatial object as 
well. 
 
As a supplementary piece of information, the balance of this section intends to debate the 
anomalies due to the misplacement of a focus, especially for the case of a Focal Point and Focal 
Segment. In the common case, the placement of a Focal Segment is recommended to be placed 
upon the spatial object’s foremost edge which first catches sight of the incoming pedestrians, or 
the farthest edge to the rear edge of a spatial object viewed in the opposite direction to the 
incoming traffic as demonstrated in Figure 2.8.B. For the definition of a Focal Segment’s length, 
it is at first consistent with the foremost edge, subject to the practical manipulations to make 
alternations when necessary. With respect to the placement of a Focal Point, its position is 
optimal at the midpoint of the Focal Segment. For the scope of the anomalies in the simulation, 
they are caused by the misplacement of a focus which is away from the foremost edge yet within 
or beyond the spatial object’s boundary. 
 
In the case of the first instance as the misplacement of a focus which is set to be away from the 
foremost edge yet within spatial object’s boundary, it would in theory prolong the ideal shortest 
path when Legion Studio calculates the distance between the position of the pedestrian’s first step 
into the interim target object and the position of the Exit object’s Focal Point, illustrated by 
Figure 2.9.  
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Figure 2.9 Focus within a spatial object’s boundary 
 
Admittedly, in most cases it is quite difficult to observe the anomalies due to the situation of 
Figure 2.9 unless the spatial object was settled down to represent a facility in the “tricky” location 
where the pedestrians were required to take two turns to get approach to the Focal Segment as 
shown in Figure 2.10 which was a part of the Level 03’s floor plan.  The context of Figure 2.10 
reveals that there is a side door in the platform through which a corridor leads to the upper level 
for evacuation and that side door is open only under the emergency circumstances. A Level Exit 
object placed at the end of that corridor acts as the transitional passage for the pedestrians to get 
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Figure 2.10 Level Exit object with the default configurations  
 
Based upon the external configurations in Figure 2.10 with the default settings for a Level Exit 
object where the Focal Segment overlapped the foremost edge of the spatial object and the Focal 
Point lay in the Focal Segment’s midpoint, one run of the simulation results was recorded in 
Figure 2.11 with the screenshot time marked down in the brackets. For the purpose of the 
screenshot time, even though the simulation results cannot be exactly duplicated due to the 
random “birth place” for each pedestrian, it still possesses such reference values that the similar 
results can be created for verification or for further research.   
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By observation, in the process of getting approach to the Level Exit object, there existed 
collisions against the wall ahead as highlighted with a red circle, even though it was not so 
frequently with Figure 2.11 as a proof.      
 
From Figure 2.12 onwards, attempts to try to place the focus in different locations have been 
illustrated. Since there is no necessary at present to adjust the pedestrians’ forwarding directions, 
the approach angles remain intact. In the case of Figure 2.12 and Figure 2.14, the corresponding 
Focal Point and Focal Segment have been placed upon the rear edge of the spatial object. 
 
 
Figure 2.12 Misplacement of the Focal Point on the spatial object’s rear edge 
 
Figure 2.13 was the one run of the simulation results for the case of Figure 2.12, and observation 
has it that the pedestrians were trying to find way to head forwards but had been blocked by the 




Foremost Edge Rear Edge 
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Figure 2.13 Results for the case of Figure 2.12 (07:06:31) 
 
As for the case where the Focal Segment was placed upon the rear edge depicted by Figure 2.14, 
the simulation results recorded in Figure 2.15 exhibited that, similar with the case of Figure 2.11, 
the pedestrians could still get approach to the end of the corridor, but frequent collisions against 
the wall happened. 
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Figure 2.15 Results for the case of Figure 2.14 (07:06:31) 
 
Nevertheless, from Figure 2.16 onwards, other kinds of anomalies due to the misplacement of a 
focus away from the foremost edge yet beyond the spatial object’s boundary are about to be 
discussed. For the case of Figure 2.16, the Focal Point was placed upon the midpoint of the side 
door, and by doing that, warnings appeared to prompt the users. 
 
 
Figure 2.16 Misplacement of the Focal Point beyond the spatial object’s boundary 
 
Figure 2.17 exhibited one run of the simulation results for the case of Figure 2.16. As can be seen, 
the forwarding pedestrians would pause at a certain location on the way to the Level Exit object 
highlighted by a red circle. However, after that pause behavior, they would keep circling and 
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Figure 2.17 Results for the case of Figure 2.16 (07:06:27) 
 
The last example is the misplacement of the Focal Segment placed upon the entrance to the side 
door as displayed by Figure 2.18. 
 
 
Figure 2.18 Misplacement of the Focal Segment beyond the spatial object’s boundary 
 
After running the simulation program, similar phenomenon with the case of Figure 2.17 can be 
observed in Figure 2.19: the pedestrians would maintain the circling behaviors but make no 
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Figure 2.19 Results for the case of Figure 2.18 (07:06:30) 
 
Based upon the above experiments, an argument has been bestowed by the author that the 
abnormal movements in the simulation are more serious caused by the misplacement of a focus, 
no matter it is in the form of a Focal Point or Focal Segment, beyond the spatial object’s 
boundary as the case of Figure 2.16 and Figure 2.18, than by that within the spatial object’s 
boundary as the case of Figure 2.12 and Figure 2.14. One possible reason deduced by the author 
is that the former misplacement forces the software to calculate the ideal path to get access to the 
next target object in a wrong way, meanwhile the latter misplacement only makes the software to 
inaccurately calculate the ideal shortest path in distance. As for the misplacement of a Focal Point 
or Focal Segment, no matter it is within or beyond the spatial object’s boundary, the anomalies 
created by the former are worse than those created by the latter, as the case of Figure 2.12 versus 
that of Figure 2.14, or the case of Figure 2.16 versus that of Figure 2.18,. One possible reason 
given by the author is that the major function for a Focal Point is to channel the pedestrian’s 
movement meanwhile the major function for a Focal Segment with the approach angles is to fine-
tune the pedestrian’s movement, so consequently, being wrong in the guidance for channelling 
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2.4 Summary 
 
The purpose of Chapter 2 intends to deal with two kinds of “how to” issues. For the first issue, it 
has put forward the methods on how to realize the objective of this thesis aiming at evaluating 
Legion Studio’s modeling capabilities in performing pedestrian simulation. To be specific, the 
evaluation study will be conducted under the instructions of the established evaluation framework 
where in each one prescribed simulation task, Legion Studio will be assessed under a set of 
specific criteria. Even though there are in total four sets of specific criteria, each of which 
corresponds to one simulation task, they are all derived from the same three general criteria 
which were focused upon the aspect of the software package’s functionalities. In order to 
facilitate understanding of the idea behind the realization of the simulation tasks in the following 
two chapters, the underlying way-finding algorithm behind Legion Studio is also outlined as the 











SIMULATION TASKS FOR HORIZONTAL FLOW MOVEMENT  
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According to the instructions of the evaluation framework established in Chapter 2, each 
simulation task where the occurrence of its respective simulation of pedestrian activity is 
confined within one crowd-prone venue is assigned to Legion Studio for the assessment of its 
modeling capabilities to handle a set of criteria’s requirements. For the content of this Chapter 3, 
two simulation tasks for horizontal movement refer to the construction of the simulation of 
queuing activity in front of a gate-line, and of waiting activity on a platform respectively within 
the context of a metro station.  
 
 
3.1 Queuing Activity in Front of a Gate-Line 
 
As for the context of this first Simulation Task A as the construction of the simulation of queuing 
activity in front of a gate-line, the area in front of a gate-line is the so-called crowd-prone venue. 
Regarding the concept of a gate-line, it is a collection of the parallel gate to control the inlet and 
outlet of the passengers with the purpose for collecting the travel fare at the same time, and the 
gate in the gate-line can be in the form of a turnstile which can only be used for one direction, or 
of the modern automatic fare collation (AFC) equipment which can function for one direction for 
one time but can be shifted to the opposite direction when necessary. In reality, the existence of a 
gate-line acts as the threshold to separate the unpaid concourse and the paid concourse. 
 
Since this simulation task is about to discuss the queuing phenomenon, it is first and foremost to 
put forward a conflict yet compatible aspect which is characterized by the nature of a queue. On 
one hand, if a queuing system is not capable of handling the incoming traffic in a timely fashion, 
congestion will appear. In other words, a waiting line or queue will be formed. On the other hand, 
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if the demand for service is such that the system can cope with it to live up to the customer’s 
satisfaction, then the system will become idle from time to time. With respect to that dual aspect, 
Prabhu (1997) had maintained that the system of an efficient design was such an optimal one that 
it could make a balance between the costs associated with customer’s dissatisfaction and the costs 
with management. By incorporating the characteristics of a queue into the context of this 
simulation task, when the supply of the service from the gate-line cannot match the demand from 
the incoming passengers, it would lead to the formation of a queue. 
 
In all, under the context of this Simulation Task A with the specification of the simulation of 
queuing activity in front of a gate-line, Legion Studio’s modeling capabilities would be evaluated 
by a set of specific criteria from four aspects, namely, a) easiness in constructing a single-queue-
multi-server system, b) versatility in correcting anomalies in the single-queue-multi-server system, 
c) flexibility in performing comparative studies with a grouped single-queue-single-server system,  
and d) versatility in correcting anomalies in the grouped single-queue-single-server system. 
Based upon the performance of the software package, each specific criterion would be assessed 
by the author in the form of one rating level from the five-level rating scale: Excellent, Above 




3.1.1Construction of a Single-Queue-Multi-Server System 
 
This first criterion’s requirement as easiness in constructing a single-queue-multi-server system is 
derived from the general criterion as easiness in constructing a virtual (process or) system. As it 
name suggests, a single-queue-multi-server system refers to such a queuing system that several 
parallel servers available to provide the same service for the incoming traffic, which will force 
CHAPTER THREE 
National University of Singapore                                                                                                                                          47 
the pedestrians to pause for amount of time in an abstract view. Prior to the choice for any servers, 
there is only one queue for the pedestrians who are waiting for their turns. In that kind of a 
system, the pedestrians’ standing in a queue would absolutely obey the FCFS (first-come-first-
serve) discipline. However, FCFS discipline does not equate FSFO (fist-serve-first-out) discipline, 
since the service time for each customer differs due to different behaviors in getting through the 
gate.    
 
To facilitate assessment of Legion Studio’s modeling capabilities to fulfill the first specific 
criterion’ requirement, three execution procedures are created to guide for the achievement of that 
fulfillment: a) the general settings (for Simulation Task A), b) configurations for the servers, and 
c) configurations for the waiting line.  
 
 
3.1.1.1 The General Settings 
 
The meaning of the general settings refers to the necessary basic information for the construction 
of the overall context for the simulation task and that kind of information consists of the general 
flow directions, linkage situations and input data. 
 
Initially, Figure 3.1 was the illustration for depicting the general flow directions for the incoming 
traffic movement in the concourse. To be specific, the incoming traffic started from the base of 
the staircase or escalator where a pedestrian platoon in the unpaid concourse was the upstream 
whereas those in the paid concourse were the downstream. After landing from either the staircase 
or the escalator, the pedestrian platoon would head for the gate-line to pay the travel fare and then 
proceed into the paid concourse and continue to progress forwards.  
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In accordance with the general flow directions, the linkage situations were organized in this way: 
the Stair object representing the staircase and the Escalator object the escalator were linked to the 
Queue object representing a waiting line, and then the waiting line was linked to any one of the 
available Delay Point objects representing the servers. 
 
 
Figure 3.1 General flow directions in the concourse 
 
As a hypothetical case study, the start time for all the simulation tasks hereinafter was 7 AM in 
the morning in the form as 7:00:00 which was simultaneously deemed as the start time of the 
morning peak hours. Regarding to the arrival rate, there are two options by referring to the 
subway entrance model established by another software package of AnyLogic (ANYLOGIC Help 
Manual, 2011). Specifically, one is 1000 pedestrians per hour, i.e. 0.28 pedestrians per second for 
most situations, and the other is 5000 pedestrians per hour, i.e. 1.29 pedestrians per second for the 
heavy traffic conditions. Initially, the arrival rate as 0.28 ped/s is adopted as the hypothetical 
input data for the following evaluation study. 
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The source for the incoming traffic was the place outside the metro station and an Entrance object 
as shown in Figure 3.2 was placed along the main road in front of the “entrance” to the MRT 
station, with the assignment to create pedestrians in a user-defined timely fashion. In an ideal 
condition, the pedestrians created by the Entrance object were continuous. Here, the Entrance 
object is the virtual entrance with a more grand meaning than that “entrance” to the MRT station 
in that the former represents the origin of the O-D matrix whereas that “entrance” to the MRT 
station is the real existence, signifying amount of accessible space open for the ingress flow.  
 
Based upon the user manual of Legion Studio (2006), the depth for the Entrance object is 
recommended as 20 cm which can prevent such a situation that the slower-moving pedestrians 
would block the way of the faster-moving pedestrian when in creation, since the minimum body 
depth is 20 cm. Therefore the Entrance object could create only one entity at any coordinate from 
the vertical view. Moreover, the two associated items of input in the Entrance object were the 
supply type of Boarding2East and the arrival profile of enrance01-easttrain. Regarding the supply 
type, it points to a collection of three entity types, that is, a group of children pedestrians, a group 
of adult pedestrians and a group of elderly pedestrians, with the proportion of 17.9%, 73.3% and 
8.8% respectively as stated in Chapter 2, and the supply type of pedestrians was assigned to the 
destination as the eastbound train which was determined by the arrival profile.  
 
 





Entrance to Station 
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3.1.1.2 Configurations for the Servers 
 
In this single-queue-multi-server system, three parallel servers were first introduced to 
simultaneously serve up to three pedestrians at one time. Parallel herein means the working style 
for all the servers is the same. In fact, the function of a server is to delay the pedestrians for a 
defined amount of time. As to the issue of the configurations for a spatial object, it refers to both 
of the external configurations and the internal configurations. From the external views, it involves 
the form design including the determination of the shape and size, whereas the internal 
configurations refer to the parameter-related settings.  
 
In the case of form design, three parallel Delay Point objects represented three servers  in the 
form of fare collection gates, and its shape was the yellow rectangle with the size occupying half 
the real gate’s contour as shown in Figure 3.3. Next, the form design fell down to the 
configurations for a focus: initially, the Focal Segment was, in a conservative way, placed upon 
the Delay Point object’s foremost edge which first caught sight of the incoming pedestrians and 
that edge referred to the spatial object’s the right-side edge in this case, meanwhile the Focal 
Point lay at the midpoint of the Focal Segment as an optimal setting. Regarding the approach 
angles, since the Delay Point object’s vertical spacing was not so remarkably large, its effect on 
the pedestrians’ forwarding directions towards the Focal Segment was not so apparent. Therefore, 
the setting of 45˚as the hypothetical case study was to ensure the pedestrian’s movement in 
passing through the spatial object was within the central portion of the passage, and the concept 
of the passage has been defined in Chapter 2. 
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Figure 3.3 Form design for the Delay Point object  
 
In the case of parameter-related settings for a Delay Point object, two important items of input 
matter: “capacity” and “delay profile” as exhibited in Figure 3.4. The item of capacity dictates, 
instead of the spatial limitation, the number of customers being served in one Delay Point object 
for one time. With respect to the real situations, each gate is only occupied by one pedestrian for 
one time, so the capacity is set as “1”. Yet, the purpose of a delay profile is to determine at what 
time the delay is effective, and the amount of time for the pedestrian to pause when the Delay 
Point object made an effect on him/her. 
 
 
Figure 3.4 Parameter-related settings for the Delay Point object 
 
To elaborate the meanings of a delay profile of “Delay Profile For AFCGate”, Figure 3.5 was 
employed to demonstrate the purpose of the three items of input. Firstly, “active period” is for the 




Delay Point Object 
Focal Segment
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hour, from 7 Am to 8 AM, meaning the delay profile was effective as soon as the simulation 
program started. Secondly, “delay time” works only and only if two conditions are satisfied 
where both of the active period and the function of a Delay Point object are activated at the same 
time. The function of a Delay Point object is activated when at least one pedestrian was in its 
boundary. Upon satisfaction of those two conditions, the item of “delay time” would specify how 
a pedestrian paused for a defined amount of time. In this hypothetical case, a pedestrian would 
stop within the Delay Point object’s boundary according to a “variable” with a minimum delay 
time, mean delay time and maximum delay time as 1.2, 1.8, and 2.4 seconds respectively, which 
data can be referred to the setting for a turnstile in Fruin’s research (1971). The last item of 
“action at end time” is to consider the situation even when the active period had expired where 
the simulation time reached 8 AM, the pedestrian within the Delay Point object’s boundary would 
not leave the server until the delay time was satisfied.  
 
 
Figure 3.5 Settings in Delay Profile for AFCGate 
 
 
3.1.1.3 Configurations for the Waiting Line 
 
Since this is a single-queue-multi-server system, only one Queue object is required. It is the 
Queue object that is the intervening spatial object, simultaneously acting as a target object for the 
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pedestrians landing from the staircase or escalator, and an origin object for them to head for any 
of the servers ahead.  
 
In the case of form design for the Queue object as can be seen from Figure 3.6, its form is 
determined by a) the queue length, proportional to the lime circle’s radius which can be 
configured by any of the four points on its perimeter, and b) the queue growth direction which 
can be configured by the angle of the green arrow to the horizontal. In this case, the queue length 
was set as 8 meters in accordance with the normal visual distance for most people and the angle 
as 0˚ as the initial settings. The last assignment was to link the Queue object to all the three Delay 
Point objects with equal weighing, for the parallel Delay Point objects enjoyed the same priority. 
What’s more, the unique position of the queue-head is exclusively for the foremost pedestrian 
waiting in the queue. Additionally the perpendicular distance between the centroid of the queue-
head and the midpoint of the second Delay Point object’s foremost edge is 1 meter where the 
radius of the queue-head is 0.25 meters measured in the software. As the last point of view, all 
those above parameters are only applicable for this hypothetical case study. 
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Supported by Figure 3.7, it demonstrated the parameter-related settings for the Queue object. As 
highlighted with a red rectangle, these parameter-related settings necessitate assignment of values 
for the four items of input: a) “direction of growth” refers to the foregoing queue growth direction, 
b) “alignment factor” affects the conformity of the pedestrians’ standing along the queue growth 
direction, c) “proximity factor” has an impact on the longitudinally interpersonal distance, and d) 
“rigidity” dictates the willingness or reluctance for the already queuing pedestrians to give way 
for those who want to cut through the queue to move forwards. Because this is a hypothetical 
case study, those four parameters remain intact as the default settings. 
 
 
Figure 3.7 Parameter-related settings for the Queue object 
 
To sum up, a complete single-queue-multi-server system has been constructed based upon the 
above configurations. One run of the simulation results shown in Figure 3.8 demonstrated that 
when all the servers were in a busy state, a queue would form starting from the queue-head and 
the formation direction was in line with the queue growth direction, and after the server’s delay 
time was satisfied, it would become available for the next pedestrian. 
  
Figure 3.8 Results for the single-queue-multi-server system (7:02:36) 
Queue-Head 
CHAPTER THREE 
National University of Singapore                                                                                                                                          55 
However, the construction of this single-queue-multi-server system is on the premise that there 
was no occurrence of renege actions, meaning once the pedestrians had joined the queue, they 
would not leave their current positions and must wait until their turns to choose the servers, which 
dilutes Legion Studio’s modeling strength. 
 
 
3.1.2 Recommended Corrections for Anomalies in the Single-Queue-Multi-Server System 
 
When the simulation time advanced to a certain time point, two kinds of apparent anomalies had 
emerged, so consequently this second specific criterion’s requirement has been created as 
versatility for Legion Studio in correcting anomalies in the single-queue-multi-server system. To 
achieve the fulfillment of that criterion’s requirement, necessary are two execution items 
including a) corrections for movement in the forbidden accessible space, and b) corrections for 
finite-queue-length-induced problems, and one supplementary simulation task as the case of 
wider gate open for the pedestrians with luggage. 
 
Generally speaking, the first kind of abnormal movements encountered has been illustrated by 
Figure 3.9, stating such a phenomenon that after pausing according to the delay profile within the 
Delay Point object’ boundary, some pedestrians, especially those standing nearby the foremost 
edge of the Delay Point object, would, instead of moving straight forwards through the gate with 
the trajectory shown as the black arrow indication, set back a little bit to leave the gate and then 
head for the unexpected place as shown in the two red arrows. Apparently, the two red arrows 
demonstrated two possible results. Firstly, some pedestrian would choose any of the gates open 
for the opposite incoming traffic to continue their journey, with the evidence of the undesirable 
trajectory recorded in the form of a blue curve. Secondly, some pedestrians would move into the 
corner, so consequently they would get stuck and make no forwarding movements at all.  
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Figure 3.9 First kind of anomaly in the single-queue-multi-server system (7:09:30) 
 
Yet, the second kind of anomaly has it that when the current waiting line established by the 
already standing pedestrians accumulated to exceed the defined queue length (8 meters in this 
study), the ensuing incoming pedestrians would take an extra distance for heading forwards in 
particular position before joining the queue-tail as shown in the red arrow indication in Figure 
3.10. Admittedly, the possible occurrence for the second kind of anomaly is on the premise that 
the arrival rate has been changed from 0.28 up to 1.29 ped/s in order to produce the heavy 
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3.1.2.1 Corrections for Movement in Forbidden Accessible Space  
 
The deduced reason for the first kind of anomaly is because of the application of Legion Studio’s 
underlying way-finding algorithm to guide the pedestrian’s forwarding behavior in unexpected 
situations where the pedestrians created in the simulation would move to the next spatial object 
by following the software’s computed ideal shortest path through detecting the available space in 
every possible way.  However, some amount of accessible space is forbidden in the special 
situations due to practical considerations. For example, based upon Figure 3.9, the gates in the 
upper part only open for the opposing directions from the paid concourse were not allowed for 
the passage from the unpaid concourse to get access in this study, and those unallowable passages 
within the gates in the upper part could be deemed as the forbidden accessible space. Even though 
when the pedestrians had “accidentally” stepped into that amount of forbidden accessible space, 
they should be redirected to leave. Therefore, one idea recommended by the author is that after 
being served by the fare collection gate, the pedestrian was better to move straight forwards along 
the passage of this current gate occupied by him/her. The realization of that idea is to introduce 
the routing objects, one of which widely-used is the Drift Zone object and its major function 
amounts to the signage to provide indicative directions in reality. When a Drift Zone object was 
applied in the simulation, the pedestrian within its boundary would be forced to move forwards 
along that indicative direction. In addition, since the Drift Zone object belongs to a routing object, 
rather than an activity object, it cannot link to or be linked from the next target object or the 
previous origin object respectively.  
 
Regarding the configurations for the Drift Zone object, details exhibited by Figure 3.11 showed 
that the size of one Drift Zone object was the same as the entire contour of one gate, with the only 
one setting as to set the indicative direction which pointed to the left-side horizontal direction. 
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Figure 3.11 Application of the Drift Zone object in the gate-line 
 
Based upon those configurations, one run of the simulation results for the application of the Drift 
Zone object to correct the anomaly was satisfactory: after being delayed, the pedestrians would 
continue to move straight forwards along the passage of the gate which they currently occupied 
until their leaving, and then adjust their direction upwards to proceed into their journeys. To 
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3.1.2.2 Corrections for Finite-Queue-Length-Induced Problems 
 
This second kind of anomaly as shown in Figure 3.10 was caused by the finite queue length’s 
capacity and that capacity was determined by the vision region which was reflected by the radius 
of the lime circle as highlighted in Figure 3.6. The alleged vision region is defined as the farthest 
distance from which the queue-head can be observed for the pedestrian standing on the perimeter 
of that lime circle. Since the normal vision for most human beings is 8 meters which amounts to 
the capacity of the queue length, the radius is first set as that value for the hypothetical case study. 
 
The situation of the second kind of anomaly was that when the current waiting line built up by the 
standing pedestrians exceeded the queue length’s capacity due to the larger arrival rate, it was 
still necessary for the ensuing incoming pedestrians to first step into the vision region’s boundary 
before joining the queue-tail, which was quite abnormal. Moreover, if a prerequisite was the one 
that the ensuing incoming pedestrians must join the already existing queue no matter how long 
the current length of the waiting line was, that behavior of heading into the vision region’s 
boundary before joining the queue-tail would become unnecessary. To address that issue, two 
possible solutions are provided for discussion. 
 
The first possible solution has tried to change the queue growth direction from 0˚ to 15˚ as shown 
in Figure 3.13 and the idea behind that 15˚ is to allow the queue growth direction to cater to the 
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Figure 3.13 Results for 15˚angle of the queue growth direction (07:02:24) 
 
In-depth observation on Figure 3.13, there was still amount of room available between the queue-
tail and the column for the incoming pedestrians to head into the vision region. Hence, given is 
another idea of the continued increase of the angle of the queue growth direction to such an extent 
that there was no sufficient room above the queue growth direction for the ensuing incoming 
pedestrians to step into the vision region’s boundary. To that end, Figure 3.14 depicted the idea to 
allow the angle to be increased up to 25˚.    
 
 
Figure 3.14 Results for 25˚angle of the queue growth direction (07:02:00) 
 
As can be observed from Figure 3.14, that idea could not work either since the ensuing incoming 
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queue growth direction. According to both of the unsatisfactory results shown in Figure 3.13 and 
Figure 3.14, the first possible solution as the change of angle of the queue growth direction has no 
choice but to abandon.  
 
Yet, concerns have been paid to the second possible solution as the extension of the queue length. 
For practical manipulation as shown in Figure 3.15, the queue length has been manually   
prolonged from the previous 8 meters up to this current two-fold of the original settings as 16 
meters. Experimental results showed that that kind of change was only to postpone the occurrence 
of the anomaly but did not eliminate it at all. 
 
 
Figure 3.15 Results for 16 meters of a queue length (07:02:12) 
 
In contrast, when the queue length was set up to its maximum value until the end of the unpaid 
concourse, satisfactory results showed that the pedestrians would join the existing waiting line no 
matter how long its current queue was, without the abnormal behavior of stepping into the 
boundary of the vision region and Figure 3.16 with the red arrow indication was the proof of that 
statement. That maximum extension is acceptable for the reason that the entire unpaid concourse 
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Figure 3.16 Results for a maximum queue length (07:03:18) 
 
In fact, there is an alternative solution to produce the similar results as the case of Figure 3.16. As 
can be seen from Figure 3.17, the spacing between two columns is the allowable width open for 
the incoming traffic to ingress and that width is specified by the two critical edges of the two 
columns’ closest sides. Experiment with similar satisfactory results as the case of Figure 3.16 
disclosed that when the queue length exceeded the right-side critical edge, there were no 
abnormal movements. Even though similar results, the queue length set as the maximum length to 
the end of the unpaid concourse is recommended since that setting can reflect the continuous 
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3.1.2.3 Alternative Settings: Wider Gate Open for the Pedestrians with Luggage 
 
After the recommended corrections for the anomalies, here is a supplementary simulation task to 
evaluate Legion Studio to handle other situations with alternative settings where a wider gate was 
introduced into the original queuing system. In reality, inside a gate-line includes a wider gate 
which is open for the handicapped pedestrians or those with large luggage, and both of those two 
kinds of pedestrians would occupy more amount of room in a standing area and hardly can pass 
through the common gates. In order to simulate this supplementary task, an extra entity type of 
AdultPedB2EAST Tourist which is inherited from the existing entity type of AdultPedB2EAST’s 
characteristics, yet with the assignment of random luggage. As to the proportion of the entity 
types, it is reorganized as the children and elderly pedestrians remain the same, accounting for 
17.9% and 8.8% respectively, meanwhile the common adult pedestrians and the tourists accounts 
for 65.97% and 7.33% respectively. Regarding the percentage of 7.33%, it is an assumed value of 
10% of the previous percentage of 73.3% for the adult pedestrians set in Chapter 2. With respect 
to the size, the entity type of AdultPedB2EAST Tourist would show a relatively larger footprint 
than that of the common adult pedestrians.  
 
Figure 3.18 has shown the additional application of a Direction Modifier object and a Delay Point 
object into the previous queuing system. The new Delay Point object representing the wider gate 
was a yellow rectangle in shape and half size of the physical contour of the wider gate, and its 
internal parameter-related settings were identical to that in the case of Figure 3.5. For the settings 
of the Direction Modifier object, it was placed upon the place between the spacing of those two 
columns with the width as the aforementioned allowable width and with the depth as that of the 
column. The idea for this supplementary task was to detect all the incoming pedestrians and then 
to filter those marked as the entity type of AdultPedB2EAST Tourist to redirect them to pass 
through the wider gate. 
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Figure 3.18 Necessary spatial objects for the realization of the alternative settings 
 
Figure 3.19 and Figure 3.20 showed the internal configurations as the parameter-related settings 
for the Direction Modifier object from different aspects. In the filters tab, it indicated that the 
Direction Modifier object was only effective for the entity type of AdultPedB2EAST Tourist, 
meanwhile in the parameters tab the selected tourists would be filtered or sifted out to change 
their original target object from the Queue object leading to the common gates to the new Queue 
object leading to the wider gate. “The percentage of entities to affect” set as 100% meant all of 
that entity type would be affected to take the action of changing target. The “time scope” set as 
“always” meant the active period was valid in the entire simulation time. Moreover, the links tab 
suggested the linkage from the Direction Modifier object would be connected to the new Queue 
object leading to the Delay Point object representing the wider gate.   
 
 
Figure 3.19 Parameter-related settings in the Direction Modifier object’s filters tab 
Direction Modifier ObjectDelay Point Object at the Wider Gate
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Figure 3.20 Parameter-related settings in the Direction Modifier object’s parameters tab 
 
As can be seen from Figure 3.21, the larger footprint represented the tourists who had carried 
with themselves a baggage with random size and that type of pedestrians would head to the wider 
gate for service. Therefore, the above configurations have led to desirable results. 
 
 
Figure 3.21 Results for filtering tourists (07:01:48) 
 
Admittedly, an ideal process to accomplish the supplementary simulation task should be in this 
way: all the entity types in the supply type of Boarding2EAST were randomly assigned with the 
luggage and those showing larger footprint due to the attached luggage would be sifted out to be 
redirected to the new Queue object leading to the Delay Point object representing the wider gate. 
Yet, the realization of that process is on the premise that Legion Studio can dynamically detect 
the pedestrians’ size. However, the Direction Modifier object affording the detection assignment 
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by the filtering function is incapable of dynamically sifting out the desired entity types by size, 
rather is only able to sift out them by either entity type, or target, or both. One possible solution to 
that kind of incapability is to add some user APIs into Legion Studio, but the author cannot find 
the  correct way to realize that solution for the time being based upon his understanding from 
Legion Studio’s user manual and its official website, and it will leave for further research. 
 
 
3.1.3 Comparative Studies with a Grouped Single-Queue-Single-Server System 
 
In general, the purpose for comparative studies is to discover the different behaviors and the 
potential advantages and disadvantages between various experimental objects through the 
comparisons in terms of the process and results (Clasen, 2004). Therefore, the third specific 
criterion’s requirement under the same Simulation Task A refers to the flexibility in performing 
comparative studies with a grouped single-queue-single-server system. With respect to the 
concept of a grouped single-queue-single-server system, it is such a system that each server is 
only applicable for its own queue as its name suggests. As per the extra number of queues, the 
arrival rate used in this queuing system was 1.39 ped/s, which made it possible for the occurrence 
of congestion.   
 
For the fulfillment of the third specific criterion’s requirement, three execution procedures are 
introduced, namely, a) addition of the parallel waiting lines, b) collection of the waiting lines for 
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3.1.3.1 Addition of the Parallel Waiting Lines 
 
Similar to the parallel servers, the placement of a waiting line leading to its corresponding server 
is also set as parallel as shown in Figure 3.22. As to the parameter-related settings for a waiting 




Figure 3.22 Layout of the grouped single-queue-single-server system  
 
 
3.1.3.2 Collection of the Waiting Lines for a Group 
 
When there are more than one Queue objects in the queuing system, it is better to use a Queue 
Group object which acts as a collection of the encapsulated Queue objects for easy unified 
management. Without loss of generality, all the waiting lines available for pedestrians to join 
enjoy the same priority. 
 
In the form design for the Queue Group object as shown in Figure 3.22, its shape was a green 
rectangle with the size which could accommodate the available three Queue objects. With respect 
to the incoming pedestrians’ directions, the foremost edge for the Queue Group object was the 
right-side edge in this case. Since there was no necessary for the placement of a Focal Segment, 
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placement guidance, the Focal Point was better to overlap the midpoint of the foremost edge. 
When it comes to the parameter-related settings for that Queue Group object, it indeed refers to 
the determination of a queue-joining decision method. Moreover, the underlying meaning of the 
application of a Queue Group object is that the queue-joining decision methods for choice of any 
of the queues is valid only within that spatial object’s boundary. 
 
 
3.1.3.3 Determination of a Queue-Joining Decision Method 
 
Overall, there are two queue-joining decision methods available for the user to determine in 
choosing the existing waiting lines: shortest distance and shortest queue. The queue-joining 
action is a dynamic process, and Legion Studio treats that action in this way: as soon as stepping 
into the Queue Group object’ boundary, the pedestrians would make a decision on how to join the 
queue guided by one of the queue-joining decision methods. Figure 3.23 and Figure 3.24 are the 
two useful illustrations showing the parameter-related settings for the Queue Group object and 
one run of the simulation results respectively.   
 
 
Figure 3.23 Selection of a queue-joining decision method 
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Figure 3.24 Results for the grouped single-queue-single-server system (07:02:06) 
 
Even though the simulation program was successful, the queuing system had its own limitation 
that the jockey actions for the pedestrians were failed to realize, meaning as long as joining a 
queue, the pedestrians cannot shift from the current queue to anther according to their preference 
as in the real situations. 
 
 
3.1.4 Recommended Corrections for Anomalies in the Grouped Single-Queue-Single-Server 
System 
 
After running the simulation up to a certain time point, there existed two kinds of anomalies in 
this grouped single-queue-single-server system. Therefore, the fourth specific criterion’s 
requirement as versatility in correcting anomalies in the grouped single-queue-single-server 
system has been introduced to evaluate Legion Studio’s modeling capabilities in correction of 
abnormal movements in that constructed queuing system.  
 
The situations for the first kind of anomaly exhibited by Figure 3.25 were that when all the 
existing queues accumulated by the already waiting pedestrians exceeded the Queue Group 
object’s defined boundary which could be deemed as its capacity, the ensuing incoming 
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pedestrians would at first head for the position which was roughly the location of the Focal Point, 
and then come out again before joining the established queue-tails.  
 
 
Figure 3.25 First kind of anomaly for the grouped single-queue-single-server system (07:02:54) 
 
For the second kind of anomaly, the place for its occurrence was the indented site as shown in 
Figure 3.26. The situations were that as long as the waiting line showed a propensity of growing 
down in the indented site, the growth of the queue-tail at the corner would increase along the wall 
in the vertical direction pointing upwards, even though the parameter-related settings remained 
intact as the case of Figure 3.7.     
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Therefore, as the response to the fulfillment of this fourth specific criterion, there are 
correspondingly two execution items: a) corrections for finite queue group’s capacity induced 
problems, and b) corrections for queue group’s geometry in the indented site, which are to be 
articulated as follows. 
 
 
3.1.4.1 Corrections for Finite Queue Group’s Capacity Induced Problems 
 
The course for this kind of anomaly was also the finite capacity of the Queue Group object. Since 
the limited capacity was determined by the Queue Group object’s boundary, one possible solution 
to the problem fell down to the redesign of the shape and size for that spatial object.  
 
One attempt of the possible solution was to extend the Queue Group object’s boundary as shown 
in Figure 3.27. According to that figure, the foremost edge of the spatial object was the line 
connecting two vertexes of the corners of the two different obstacles, with the Focal Point placed 
upon the midpoint of that foremost edge. However, this attempt was just to postpone the 
occurrence of the anomaly rather than to solve it. 
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Nevertheless, since the entire unpaid concourse is all available for queuing activity, the form 
design should require the Queue Group object’s boundary to be consistent with the concourse’s 
confinement as shown in Figure 3.28, with its Focal Point on the midpoint of the allowable width 
which could be deemed as the foremost edge in this case. Results from those settings were 
desirable: the ensuing incoming pedestrians would join the queue-tail no matter how long the 
current waiting line was.  
 
 
Figure 3.28 Results for the Queue Group’s boundary configuration as maximum space (07:06:12) 
 
By applying the similar idea from the case of Figure 3.17, the boundary of right end of the Queue 
Group object was consistent with the right-side critical edge as displayed in Figure 3.29, and the 
Focal Point remained intact as the case of Figure 3.28. After running the simulation program, 
similar results did exist with that of the case of Figure 3.28. However, an arguable 
recommendation has it that the Queue Group object’s boundary is better to set to be the entire 
concourse’s confinement as the case of Figure 3.28 rather than to be consistent with the critical 
edge as the case of Figure 3.29, since the former represents the concourse’ continuous space more 
accurately in describing the available space open for queuing activity when considered on the 
whole basis. 
 
Focal Point Allowable Width
Unpaid ConcoursePaid Concourse 
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3.1.4.2 Corrections for Queue Group’s Geometry in the Indented Site 
 
For the correction of this kind of anomaly in the indented site, one possible solution was to 
redirect the pedestrians’ forwarding directions when they had stepped into the indented site. Also, 
the Drift Zone object was introduced with the yellow indicative arrow set as 90˚ to the horizontal. 
By doing that, when the pedestrians inadvertently had stepped into the confinement of the 
indented site, they would be redirected to move out of that boundary along the Drift Zone object’s 
indicative arrow. Guided by those instructions, the pedestrians’ the trajectories had disclosed the 
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Figure 3.30 Application of the Drift Zone object in the indented site (07:04:48) 
 
 
3.1.5 Extended Discussions and Evaluations 
 
This section acts as a summary, and its contents, besides the discussions on the evaluation results 
for Simulation Task A, cover the discussions on other related issues, for example, different 
effects due to alternative parameter-related settings for a spatial object.  
 
The first argument is on the issue of the distance between a server and its waiting line. To be 
specific, the perpendicular distance between the Queue object’s centroid and the point on the 
Delay Point object’s foremost edge was initially set as 1 meter for the hypothetical case study. 
Therefore, various settings for that distance have been defined to demonstrate the different effects. 
As can be seen from Figure 3.31, three kinds of distances as 25, 50 and 75 cm have been set up 
for investigations. 
 
The context for the distance between a server and its waiting line was that the pedestrian had just 
left the queue-head and was about to head for the Delay Point object for service. Based upon 
substantial number of experiments, phenomena had summarized in this way: in the case of the 
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collection gate’s corner and brushed against his/her leader who was just leaving the Delay Point 
object, and in the case of 50 cm, results only showed less frequent collision against the gate’s 
corner, and in the case of 75 cm, the collision and brush phenomenon was seldom observed. 
Therefore, the perpendicular distance of 75 cm was the recommended setting from the Queue 
object’s centroid to the Delay Point object’s foremost edge. By considering the allowance, the 
value of 1 meter was adopted in the real manipulations. 
 
 
Figure 3.31 Different distances between a server and its waiting line 
 
The second argument is on the issue of different effects from two queue-joining decision methods, 
namely, shortest distance and shortest queue, on the pedestrians’ queuing behaviors. To facilitate 
the observation to that kind of comparison, the parameter-related settings for each Queue object 
have been set to the extreme value in this way: alignment factor, proximity factor and rigidity 
were all set as the maximum value as “1” such that it became easier to observe the different 
phases in the queue-joining process. 
 
As can be seen from Figure 3.32, results showed a evolutionary process represented by different 
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B1 and C1) demonstrated the different developmental phases of forming the queues guided by the 
method of shortest distance meanwhile a suite of the right-side figures (A2, B2 and C2) the 
different developmental phases of forming the queues guided by the method of shortest queue. 
Based upon those results recoded in Figure 3.32, an arguable conclusion has it that the aim for 
both methods was to balance the growth of all the queues within the Queue Group’s boundary in 
terms of lengths. A slight difference for the pattern of the queue growth under different methods 
was that the pedestrian governed by the method of shortest queue would, for example, move 
forwards to the position of the third queue Q3’s tail even though his position was closer to the 
first queue Q1’s tail, under such a sort of condition that the third queue Q3 currently showed the 
shortest queue length when he/she made the perception. However, that phenomenon was less 
frequently for those who were governed by the method of shortest distance under which case they 
seemed to be reluctant to move with a longer distance to join an existing queue.  
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Figure 3.32.B1 Phase II (07:05:00)                      Figure 3.32.B2 Phase II (07:05:00) 
 
 
Figure 3.32.C1 Phase III (07:06:30)                     Figure 3.32.C2 Phase III (07:06:30) 
Figure 3.32 Results for comparison of two queue-joining decision methods 
 
At last, the balance of this section is to provide the evaluation results for Simulation Task A as 
the construction of the simulation of queuing activity in front of a gate-line. As tabulated in Table 
3.1, the column of rating and remarks interprets the brief comments from the author on Legion 
Studio’s performance to fulfill a set of specific criteria’s requirements based upon the above 
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Table 3.1 Brief summary on the evaluation results for Simulation Task A  
Simulation Task A: Queuing activity in front of a gate-line 
Specific criteria Execution procedures/items Rating and remarks 




1.1 The general settings It was quite easy for the evaluator to 
follow the logical guideline reflected 
by the three execution procedures to 
construct a virtual system as a single-
queue-multi-server system. However, 
this queuing system could not realize 
the renege actions for the time being, 
so the rating level for that kind of 
easiness is Above average. 
1.2 Configurations for the 
servers 
1.3 Configurations for the 
waiting line 




2.1 Corrections for movement 
in forbidden accessible space 
By following the logical guideline 
described by the two execution items 
to fulfill the requirements for this 
specific criterion as versatility in 
correcting anomalies in the single-
queue-multi-server system, Legion 
Studio’s modeling capabilities were 
good at handling the corrections for 
the anomalies. However, for the 
supplementary simulation task, the 
limitation of the software was 
reflected by its incapability of 
dynamically filtering the entity type 
by size. Therefore the rating level for 
that kind of versatility lies in Above 
average. 
2.2 Corrections for finite-
queue-length-induced problems
2.3 Alternative Settings: wider 
gate open for the pedestrians 
with luggage 
3. Flexibility in 
performing 
comparative studies 
with a grouped single-
queue-single-server 
system 
3.1 Addition of the parallel 
waiting lines 
It was quite flexible for the evaluator 
to follow the logical guideline 
reflected by the three execution 
procedures to construct a virtual 
system as a grouped single-queue-
single-server system for comparisons 
to the single-queue-multi-server 
system. However, this queuing 
system failed to realize the jockey 
actions at this moment, so the rating 
level for that kind of flexibility only 
deserves Above average. 
3.2 Collection of the waiting 
lines for a group 
3.3 Determination of queue-
joining decision method 
4. Versatility in 
correcting anomalies 
in the grouped single-
queue-single-server 
system 
4.1 Corrections for finite queue 
group’s capacity induced 
problems 
On par with the steps described by 
the two execution items to fulfill the 
requirements of this specific criterion 
as versatility in correcting anomalies 
in the grouped single-queue-single-
server system, Legion Studio’s 
modeling capabilities have provided 
satisfactory results,  so consequently 
the rating level as Excellent stands 
for that kind of versatility. 
4.2 corrections for queue 
group’s geometry in the 
indented site    
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3.2 Waiting Activity on a Platform 
 
After passing through the gate-line and then the paid concourse, the pedestrians would use either 
the staircase or escalator to get access to the platform. A platform is a physical object with limited 
amount of space for temporally accommodating the standing pedestrians who would like to get 
on board. Study on the simulation of pedestrians’ waiting activity on a platform is meaningful, 
because the station platform is one special case of the holding room, and other similar waiting 
activities occurring in the holding room of the airport or other terminals can be referred to this 
construction process where the behaviors of waiting activity appear on the station platform.  
 
Taking into account the content of Simulation Task B with the specification of  the simulation of 
waiting activity on a platform, three specific criteria’s requirements for the evaluation of Legion 
Studio’ modeling capabilities have been put forward, namely a) easiness in constructing waiting 
activity governed by distance-driven linear dispersion, b) versatility in making measures for 
collision mitigation in the train door interface, and c) flexibility in performing comparative 
studies with waiting activities governed by various dispersions. 
 
 
3.2.1 Construction of Waiting Activity Governed by Distance-Driven Linear Dispersion 
 
To fulfill this first specific criterion as easiness for Legion Studio in constructing waiting activity 
governed by distance-driven linear dispersion, three execution procedures as the guideline arise: a) 
the general settings (for Simulation Task B), b) configurations for the waiting zone, and c) 
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3.2.1.1 The General Settings  
 
Consistent with the structure of the general settings stated in Simulation Task A, the information 
of the general settings for this Simulation Task B also consists of three categories, for instance, 
the general flow directions, linkage situations and input data. 
 
Figure 3.33 showed the layout of the platform as the context for the following evaluation study. It 
is an island platform, both which ends lies in two tracks. Two trains run along its corresponding 
trucks in the opposite directions to appear in the platform. The general flow directions 
demonstrated that after landing from the staircase or escalator, the pedestrians would head for the 
location roughly in front of the train door and stand in a preferred position to wait for their target 
train. When the train arrived, the alighting and boarding events occurred, resulting in ingress and 
egress conflict flows in each train door interface.  
 
For the linkage situations, in the case of the boarding pedestrians, movements started from either 
the staircase or the escalator and then the platform, and ended with boarding on either the 
eastbound train or the westbound train, and the source for creating the boarding pedestrian was 
also the Entrance object in the case of Figure 3.2 acting as the origin, whilst in the case the 
alighting pedestrians, reverse movements started from either the eastbound train or the westbound 
train, and ended with either the staircase or the escalator. By factoring the functions of the spatial 
objects into the case of the alighting pedestrians, they would be first created by the Entrance 
object representing the train in accordance with the train discharging event, and then pass through 
its nearest Focal Node object representing a train door and at last use the staircase or escalator to 
leave the platform and continue their journeys. As per the two flow directions starting from and 
ending with the train representing two commuting purposes, the train was represented by the 
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Figure 3.33 General flow directions in the platform 
 
Overall, this Simulation Task B has considered both of the inlet flux of the boarding pedestrians 
and the outlet flux of the alighting pedestrians, so have two kinds of input data. 
 
In the case of boarding pedestrians, the source for creating them was also the Entrance object in 
the case of Figure 3.2. Additional associated item of input within that spatial object is another 
collection of entity types as Supply Type Boarding2WEST exhibited by Figure 3.34, with its 
corresponding arrival profile as entrance01-westtrain which means the pedestrians of that supply 
type would head for the westbound train. Therefore, the waiting activity on the platform for the 
eastbound train and the westbound train would be described simultaneously.  
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According to the real-life experience, a phenomenon termed as tidal flow functions in a time-
dependent fashion in this way: during peak hours in the morning, there was more number of 
pedestrians who would head for or alight from the eastbound train, for example,  than that of the 
pedestrians who head for or alight from the reserve direction as the westbound train. By contrast, 
in the evening’s peak hours, a larger volume of boarding and alighting pedestrians would appear 
in the westbound train than those who would board or alight from the counterpart of the 
eastbound train .By incorporating the tidal flow phenomenon into the input data, 70% of the 
boarding pedestrians were assigned for the eastbound train and the remaining 30% for the 
westbound train. In order to observe the concentration of pedestrians on the platform before the 
train arrival, the arrival rate of the pedestrians as 1.39 ped/s was adopted for a hypothetical study 
case to produce larger ingress flux. 
 
Comparably, in the case of alighting pedestrians, the eastbound train and the westbound train 
stood for the two sources for creating them. Taking the eastbound train for example to explain the 
function of the Entrance object, the contour of the entire train was the size of the Entrance object 
in the shape of a green rectangle with 20 cm clear of the train’s physical boundary. That clearance 
distance was to prevent the pedestrians created nearby the physical boundary from being forced 
to move an unnecessary step to stay away from the boundary at the moment of their “births”. 
Regarding the Entrance object representing the westbound train, its form design was adopted with 
the same idea with its counterpart of the Entrance object representing the eastbound train. As to 
the associated item of input, it referred to the supply type as AdultPedA201 with the arrival 
profile as easttrain-exit01 for the eastbound train, and to the same supply type as AdultPedA201 
with the arrival profile as westtrain-exit01 for the westbound train. As can be seen from the train 
contour, there are three cars for an entire train, for instance, a locomotive, an intervening car and 
a caboose. Since each car has 4 doors in its either one side, there are 12 doors in one side and 24 
doors in total for a whole train.  Admittedly, the above descriptions are supported by Figure 3.35. 
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Figure 3.35 Spatial objects in the platform 
 
Upon the issue of input data, next issue comes to discuss the arrival profile for the alighting 
passengers where the discharging rate and its corresponding volume for each flight of a train are 
to be explained in details. As to the discharging rate, it was an assumed value and that assumption 
was based upon Jiang et al’s research (2009). To be specific, the discharging rate for the 
eastbound train was approximately 24 passengers per door over 20 seconds, meanwhile the 
discharging rate for the westbound train was 4.2 passengers per door over 15 seconds. By 
incorporating those data into this thesis, Table 3.2 has been created. Admittedly, the following 
information, such as the discharging rate, the simulation time and the time lag, is only applicable 
for this hypothetical experiment. 
 
Table 3.2 Volume of the Passengers for discharging  
Train Start Time Alighting pedestrians in details 
Eastbound 7:06:00  24 passengers/door over 20 s; 12 doors discharging 288 entities; 
westbound 7:06:10 4.2 passengers/door over 15 s; 12 doors discharging 51 entities;  
 
The messages in Table 3.2 contain: after the eastbound train came and sojourned at the platform, 
it discharged the first passengers at the time point of 7:06:00 with the duration of 20 seconds. By 
referring to the discharging rate, over 20 seconds, the eastbound train had discharged 288 
passengers in a uniform pattern, the product of the discharging rate of 24 passengers per door and 
the number of train doors as 12 units. Comparably, the westbound train came to the platform and 
 Eastbound
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began to discharge the first passengers with 10 seconds lagging behind its counterpart of the 
eastbound train. The discharging process lasted 15 seconds, with the uniform discharging rate of 
4.2 passengers per door. With the identical calculations, there were 51 passengers (4.2*12) would 
come out from that train over 15 seconds. By considering the practical manipulations, the interval 
of discharging pedestrians was from 7:06:00 to 7:06:17 and from 7:06:10 to 7:06:22 for the 
eastbound train and the westbound train rrespectively such that there would be 3 seconds 
available before the discharging period expired, which was sufficient for the last passengers to 
come out from the train. Additionally, an argument has it that why the 12 train doors, each of 
which was represented by one Entrance objects could not be chosen as the origin to create 
pedestrians. The reason behind that argument is that for the alighting pedestrians from the 
eastbound train, for example, there was only one O-D matrix for them, and that unique origin was 
the train itself on the whole basis, instead of 12 train doors.  
 
 
3.2.1.2 Configurations for the Waiting Zone 
 
Certainly, the function of the platform was only effective for the boarding pedestrians. Since 
there were two trains operating in the opposite directions and two defined supply types of 
pedestrians with different destination as the eastbound train or the westbound train, it was optimal 
to partition the entire island platform into two logical units, termed as the logical upper part for 
holding the pedestrians waiting for the eastbound train and the logical lower part for the 
westbound train respectively, and the threshold was roughly the facilities of the staircase and 
escalator. 
 
When pedestrians were waiting on the platform, a series of bulk queues was formed. To be 
specific, after landing from the staircase or escalator, the pedestrians would head for either one 
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logical part of the platform governed by their established destinations. When on the platform, 
even though they would choose their preferred positions to stand governed by no exact queue 
discipline, one was certain that most of them would choose to stand closer to the front of the train 
door, and that is the idea for the pedestrian dispersion on a platform. 
 
 
Figure 3.36 Spatial objects for the logical upper part of the island platform 
 
 
Figure 3.37 Spatial objects for the logical lower part of the island platform 
 
In the case of form design for the Waiting Zone object, Figure 3.36 and Figure 3.37 have shown 
its respective shape and size. Taking the logical upper part of the platform for example depicted 
by Figure 3.36, the shape of the Waiting Zone object was a blue polygon, and its size was the 
maximum accessible space and subject to the surrounding physical obstacles. By considering the 
practical manipulations, attention should be paid to the three areas as AA, AB and AC which 
were the amount of space in front the three outlet facilities (the elevator, staircase and escalator 
from the view of left to right) which were the sources to release the landing pedestrians to the 
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pedestrians and the configuration of the indented shape was employed. Upon the form design in 
terms of the shape and size for the Waiting Zone object, next concern comes to the placement of a 
focus. For the case of a Focal Segment, two kinds of considerations arise. For one thing, by 
considering the landing pedestrians’ forwarding directions to get approach to the Waiting Zone 
object which was the upward direction in this case, the foremost edge for that spatial object 
should be closer to the bottom-side edge. For the other thing, by considering the 
recommendations for the placement of a Focal Segment, it is free from warning when it is placed 
within the spatial object’s boundary. Therefore, taking into account those two considerations and 
the escalator as the threshold of the logical partition for the platform, the placement of the Focal 
Segment was placed along the Escalator CESC’s top-side edge as shown in Figure 3.36. After the 
determination of the Focal Segment, the Focal Point for the Waiting Zone object was the 
midpoint of that Focal Segment line in accordance with its recommended placement stated in 
Chapter 2. Last configurations fell down to the two approach angles, since it was not necessary to 
affect the landing pedestrians’ forwarding directions to enter the Waiting Zone object, the two 
approach angles remained intact, perpendicular to the Focal Segment. 
 
Prior to the realization of any type of pedestrian dispersion, it is necessary to put forward the idea 
behind how to disperse the pedestrians within the boundary of a Waiting Zone object. In general, 
two important positions have a profound impact on the dispersion: one was the position where the 
pedestrian’s first step into the boundary of a Waiting Zone object, and the other was the location 
of a Focal Distribution Point (FDP for short hereinafter). In between of those two positions, there 
was a virtual curve connecting them, and any point in that curve could be the waiting position for 
the pedestrian. However, when there were more than one FDP available for the pedestrian to 
choose, the preference to a particular FDP depended upon its own weighting. In this simulation 
illustrated by Figure 3.36 and Figure 3.37, there were 12 FDPs in either one of the logical part of 
the island platform, each of which was placed in front of one train door with the same weighting, 
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meaning when stepping into the Waiting Zone object’s boundary, the probability for pedestrians 
to head for any of the FDP was the same. As to the placement of one FDP in front of one train 
door, it made possible for one bulk queue formed by a batch of pedestrians to appear in front of 
that area. Regarding the position of the waiting point along that virtual curve, it was dependent 
upon the parameter-related settings of the FDP in Waiting Zone object’s focal distribution tab as 




Figure 3.38 Parameter-related settings in the Waiting Zone object’s focal distribution tab 
 
Viewed from Figure 3.38, there were three items of input requiring attentions. The first item as 
“decision” set as “distance” indicated the pedestrian dispersion was governed by the distance-
driven rule. Regarding the meaning of distance-driven, it refers to the situations that the 
pedestrians would never stop until they had reached their preferred waiting points. The waiting 
point could be the any point along the foregoing virtual curve connecting the position where the 
pedestrian’s first step into the Waiting Zone object’s boundary and the position of his/her 
preferred FDP. The second item of “dispersion” and the third item of “factor” dictated the 
dispersion pattern. When the linear dispersion with the factor equal to “1” was specified, 
pedestrians would propagate themselves in a uniform pattern along that virtual curve, and the 
value of that factor greater or less than “1” meant the pedestrian’s preferred waiting point along 
that curve should be closer to the FDP or to the position where his/her first step into the boundary 
of Waiting Zone object. The two extreme values of 100 and 0.01 indicated the preferred waiting 
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point referring to the location which was closest to the FDP and to the position where his/her first 
step into the Waiting Zone object’s boundary respectively. In this simulation, the factor of 100 
was first set to investigate the effects, meaning the pedestrian’s preferred waiting point would be 
closest to the selected FDP in front of one train door. 
 
 
3.2.1.3 Schedules for the Boarding and Alighting Events 
 
For the alighting pedestrians, the situations of their discharging by the trains were consistent with 
the situation stated in Table 3.2.  
 
For the boarding pedestrians with the destination of the eastbound train or of westbound train, the 
timing for them to get on board was 7:06:00 or 7:06:10 respectively, which was the same time for 
its corresponding train to trigger the discharging event. 
 
For the waiting pedestrians with the boarding intention, the important issue was to allow them to 
stop standing and then to take the move into their selected train when the train was open to 
release and accept the passengers at the same time, and the realization of that event was boiled 
down to the function of a Direction Modifier object, with the layout shown by Figure 3.36 where 
the Direction Modifier object was a purple polygon, overlapping the Waiting Zone object with 
the same size and shape. Taking the logical upper part of the platform for example, the duration 
open for boarding was set as from 7:06:00 to 7:06:17, the same time period for the eastbound 
train’s discharging event, and that timing was guided by an event profile of “UpperPF Trigger” as 
shown in Figure 3.39 which was one of the items of input in the parameter-related settings for the 
Direction Modifier object. The event profile was a trigger which affected the pedestrians’ 
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behaviors when its timing was activated, which meant the duration from 7:06:00 to 7:06:17 in 
this case was the timing to make the waiting pedestrians to get on board. 
  
 
Figure 3.39 Event profile of UpperPF Trigger 
 
For the remaining parameter-related settings for the Direction Modifier object, Figure 3.40 
showed the details: when the “time scope” was consistent with the range of the interval time 
defined in the event profile of UpperPF Trigger, all the pedestrians (“100%”) within that spatial 
object’s boundary were to stop waiting by changing the target to enter the eastbound train. 
Additionally, another major function of the filters tab in the Direction Modifier object was to sift 
out only the waiting pedestrians with the destination as the eastbound train. 
  
 
Figure 3.40 Parameter-related settings in the Direction Modifier object’s filters tab 
07:06:00  07:06:17
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After being triggered by the Direction Modifier object to leave the boundary of Waiting Zone 
object representing the logical upper part of the platform, the pedestrians would approach to their 
nearest train door represented by the Focal Node object. Through the train door, they would at 
last get into the train presented by the Exit object. For the case of the pedestrians heading for the 
westbound train, the situations were similar, only with the alternation in the active period of its 
corresponding event profile set from 7:06:10 to 7:06:12. 
 
Figure 3.41 showed one run of the simulation results in logical upper part of the platform: at the 
time point of 7:05:48, there was a series of bulk queues, each of which was in front of one train 
door, where a batch of pedestrians standing for their eastbound train without definite queue forms 
or established queue disciplines and that is the concept of a bulk queue. 
 
 
Figure 3.41 Formation of bulk queues in the logical upper part of the platform (7:05:48) 
 
When the simulation program advanced to 7:06:00, the boarding pedestrians would approach into 
the train meanwhile the alighting pedestrians would try to get out from the train. Since the ingress 
flow formed by the boarding pedestrians whereas the egress flow produced by the alighting 
pedestrians emerged simultaneously, conflicting collisions occurred in the train door interface as 
shown in Figure 3.42. In-depth observation on Figure 3.42, the collisions were more serious than 
expected. One possible reason behind it was that the time scheduled for the boarding and 
alighting event was the same time, implying that the ingress flow enjoyed the same priority with 
Train Door 
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that of the egress flow, which contradicts the real situations that the alighting event should be first 
to occur to spare more room for the incoming boarding passengers. 
 
 
Figure 3.42 Conflict flows in the train door interface (7:06:12) 
 
 
3.2.2 Recommended Measures for Collision Mitigation in the Train Door Interface 
 
Since the quite serious conflict flows did occur in the train door interface, the second specific 
criterion in Simulation Task B as versatility for Legion Studio in making measures for collision 
mitigation for that place has been designed. For the fulfillment of that criterion’s requirement, 
necessary are two execution items: a) assignment of priority to alighting over boarding, and b) 
combination of movement guidance and priority assignment, which act as two attempts to 
ameliorate the troublesome collisions.  
 
 
3.2.2.1 Assignment of Priority to Alighting over Boarding 
 
Consistent with the real-life experience, it is better for the alighting pedestrians to enjoy the 
higher weighting to come out from the train, and correspondingly the priority is optimal to assign 
to the alighting event over its counterpart of the boarding event, so consequently the first 
execution item to fulfill the second specific criterion’s requirement is the measure of assignment 
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of priority to alighting over boarding, which acts as an attempt to address the collisions in the 
train door interface. To that end, there was a time difference created where the boarding event 
controlled by the event profile of UpperPF Trigger was 3 seconds lag behind the alighting event 
controlled by the arrival profile of easttrain-exit01 and that interval of 3 seconds was only 
applicable for the hypothetical case study. Figure 3.43 was the one run of the simulation results, 
showing the worsened results that more serious conflict flows occurred in the train door interface. 
The possible reason behind it was deduced from Legion Studio’s treatment on the mainstream 
flow versus the marginal flow: the alleged mainstream flow was the flow with a larger volume of 
pedestrians than its counterpart of the marginal flow. When those two conflict flows encountered 
in a narrow corridor, for example, the pedestrians in the mainstream flow would almost stick to 
their established forwarding directions, meanwhile the pedestrians in the marginal flow would 
split into the corridor’s marginal portions as the corners of the corridor to continue their journeys.  
 
By incorporating the idea of mainstream flow versus marginal flow into the simulation results in 
the case of Figure 3.43, before the configuration of 3 seconds of time difference was introduced, 
the ingress flow indicating to the train with a larger volume of pedestrians waiting in the platform 
demonstrated as the mainstream flow. By contrast, the number of the pedestrians at the first 
moment discharged by the train was relatively smaller and correspondingly the egress flow 
formed by those alighting pedestrians leading to the platform was deemed as the marginal flow. 
Therefore, the boarding pedestrians would just move forwards to enter the train in the central 
portion of the train door whereas the alighting pedestrians would squeeze into the marginal 
portions of the train door to get out from the train. Under that sort of condition, even though 
conflict flows did occur, it was not so serious as the case of after the introduction of 3 seconds’ 
time lag. When the priority of 3 seconds was given to the alighting pedestrians, the collisions due 
to the conflict flows were exacerbated in that, even though at first the number of the alighting 
pedestrians were not so much large, and as the time accumulated up to 3 seconds’ interval, the 
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alighting pedestrians would be concentrated to such an extent that the volume for the egress flow 
was almost equal to the volume for the ingress flow, so both flows would be deemed as the 
mainstream flow in terms of volume. Based upon those analyses, exacerbated conflict flows 
would occur in the train door interface as expected. Therefore, the first attempt with undesirable 
ramifications has no choice but to abandon. 
 
 
Figure 3.43 Exacerbated conflict flows in the train door interface (7:06:12) 
 
 
3.2.2.2 Combination of Movement Guidance and Priority Assignment  
 
Since the introduction of the 3 seconds’ priority for the alighting pedestrians over those with the 
boarding intention would cause worsened conflict flows, it means extra actions are required to 
work together with it to solve the problems of serious collisions. One of such kind of extra 
actions is to introduce the movement guidance. For the realization of movement guidance, a Drift 
Zone object has been employed to signify the pedestrians’ forwarding directions. 
 
As can be seen from Figure 3.44, there were two identical Focal Node objects overlapping on the 
same train door and there was a set of the same settings in each train door. Yet, the Focal Node 
object with the two approach angles pointing from upwards to downwards would be effective 
only for the alighting pedestrians, meanwhile the Focal Node object with the two approach angles 
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pointing from downwards to upwards only for the boarding pedestrians. As to the effectiveness, 
its realization was via the filtering function embedded in the Focal Node object.  
 
The expected results from the application of the two Focal Node objects in one train door were 
that the alighting pedestrians would be directed to move forwards within the central portion of the 
train door meanwhile the boarding pedestrians would be channeled to enter the train via the train 
door’s marginal portions, with the yellow arrows shown in Figure 3.44 as the movement 
indication. For the Focal Node object specific for the alighting pedestrians, since its aim was to 
direct the pedestrians to move in the central portion within the spatial object’s boundary, the two 
approach angles were required to expand off the virtual central axis meanwhile the two approach 
angles of the other Focal Node object specific for the boarding pedestrians are better to get closer 
to that virtual central axis. As to the angle settings, Figure 3.44 showed the details with readable 
hints. Yet, the 45˚ setting is just one recommended value derived from several experimental 
results by the author 
 
 
Figure 3.44 Configuration of the Approach Angles for the Focal Node object 
 
Based upon the combined effects from the priority assigned for the alighting pedestrians and the 
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mitigated where the alighting pedestrians had move downwards in the central portion of the train 
door meanwhile the boarding pedestrians had entered the train in the upward direction by 
squeezing into the marginal portions of the two end corners of the train door.  
 
 
Figure 3.45 Results for collision mitigation (7:06:13) 
  
 
3.2.3 Comparative Studies with Waiting Activities Governed by Various Dispersions  
 
Because the dispersion pattern, which reflects the behaviors of the standing pedestrians, is an 
important issue for the waiting activity on a platform, the last specific criterion under this 
Simulation Task B is to evaluate Legion Studio’s modeling capabilities in flexibility in 
performing comparative studies with waiting activities governed by various pattern of dispersions. 
To meet the requirements for this fourth specific criterion, four execution items are about to be 
conducted: a) time-driven linear dispersion, b) distance-and-time-driven linear dispersion, c) 
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3.2.3.1 Time-Driven Linear Dispersion 
 
On the whole basis, the time-driven linear dispersion is, by comparison with the distance-driven 
linear dispersion, to distribute the pedestrians in the linear propagation guided by the time-driven 
rule. As its name suggest, the alleged time-driven rule means there was an estimate of time for a 
pedestrian to take to reach his/her preferred waiting point and he/she would stop until the amount 
of that estimated time had run out even though his/her current position was far away from his/her 
preferred waiting point. To that end, Figure 3.46 showed the parameter-related settings for the 
Waiting Zone object which had been already established in Figure 3.36 and Figure 3.37. Yet, 
attention should be paid to the item of the “decision” where it was set to “time”. 
 
 
Figure 3.46 Parameter-related settings for the Waiting Zone object 
 
Example of the logical upper part of the platform was used to explain the phenomenon of the 
waiting activity on the platform governed by the time-driven linear dispersion and Figure 3.47 
showed one run of the simulation results: when the simulation time advanced to a time point of 
7:05:48, which was near to the discharging event for the eastbound train, there was already a 
substantial volume of pedestrians accumulating on the platform in which case there was less 
amount of room for standing and the considerable size of crowds appeared. Under the guidance 
of time-driven linear dispersion, there were two remarkable effects observable. Firstly, for all the 
last coming pedestrians, they would move shorter distance than expected, since most of the 
amount of the estimated time had be consumed by going through the already existing crowds on 
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the way to their preferred waiting points; Secondly, there were seldom pedestrians would stand in 
front of the train door at the far end, since for those last coming pedestrians with the original 
destination as the doors at the far end, most of them would stop at the middle way due to the 




Figure 3.47 Results for time-driven linear dispersion (7:05:48) 
 
 
3.2.3.2 Distance-and-Time-Driven Linear Dispersion 
 
Yet, there is another kind of guidance with the combined effects from the distance-and-time-
driven linear dispersion for the waiting activity. Figure 3.48 exhibited the parameter-related 
settings for the Wafting Zone object in which case the item of “decision” was selected as “time 
and distance”. Under that guidance, the pedestrians would stop on the middle way to their 
preferred waiting points when the user-defined “maximum time” had run out.  
 
Figure 3.48 Parameter-related settings for the Waiting Zone object 
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Based upon the empirical data from substantial number of experiments on Legion Studio by the 
author, statistics of the time for one pedestrian from landing from the staircase or escalator to 
his/her preferred waiting point falls down into the range from 15 to 20 seconds. In other words, 
when the user-defined “maximum time” was set as in or greater than that range, the results would 
show similar phenomenon as that of the case of Figure 3.45 which were the results for waiting 
activity guided by the pure distance-driven dispersion, and the results shown by Figure 3.50 (with 
the maximum time as 18 seconds), and by Figure 3.51(with the maximum time as 25 seconds) 
were the evidence for that statement. However, when the user-defined “maximum time” was set 
as 10 seconds, a shorter time than the normal value for a pedestrian to take from landing from the 
staircase or escalator to his/her preferred waiting point, most of the pedestrians would be forced 
to stop on the middle way, thereby creating serious congestion at the location of the Escalator 
CESC’s top-side edge as highlighted in Figure 3.49 with a red circle, since most of the 
pedestrians had to pass through that location as a threshold of their middle ways.   
 
 
Figure 3.49 Results for distance-and-time-driven (10 s) linear dispersion (7:05:48) 
 
 
Figure 3.50 Results for distance-and-time-driven (18 s) linear dispersion (7:05:48) 
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Figure 3.51 Results for distance-and-time-driven (25 s) linear dispersion (7:05:48) 
 
 
3.2.3.3 Time-Driven Boltzmann Dispersion 
 
By comparison with the linear dispersion, here is the Boltzmann dispersion. Based upon Legion 
Studio’s user manual, it proposed that the alleged Boltzmann dispersion intended to skew the 
distribution initially guided by the linear dispersion by setting the ratio of 1 to x and x was the 
input value where the ratio of two extreme values as 100 and 0.01 indicated the preferred waiting 
point was on the position which was closest to the FDP or to the position which was the 
pedestrian’s first step into the Waiting Zone object’s boundary respectively. To realize the time-
driven Boltzmann dispersion, the item of “dispersion” and “decision” in the parameter-related 
settings for the Waiting Zone object were set to as “Boltzmann” and “time” as shown in Figure 
3.52. What’s more, the rule of the time-driven and distance-driven guidance for Boltzmann 
dispersion are the same with the time-driven and distance-driven guidance for linear dispersion as 
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Figure 3.52 Parameter-related settings for the Waiting Zone object 
 
 
Figure 3.53 Results for time-driven Boltzmann dispersion (7:05:48)  
 
 
3.2.3.4 Distance-Driven Boltzmann Dispersion 
 
To achieve the phenomenon of waiting activity guided by the distance-driven Boltzmann 
dispersion, item of “decision” in the parameter-related settings for the Waiting Zone object in 
Figure 3.52 was to replace the option of “time” with “distance”. Additionally, Figure 3.54 
illustrated the results for the waiting activity guided by distance-driven Boltzmann dispersion. 
 
 
Figure 3.54 Results for distance-driven Boltzmann dispersion (7:05:48)  
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As the last part of this section, a conclusion pertaining to the comparison between the linear 
dispersion and the Boltzmann dispersion, no matter what the guidance of time-driven or distance-
driven is, has been made that the volume for each bulk queue in front of the train door was more 
evenly represented by the Boltzmann dispersion than by the linear dispersion. In other words, 




3.2.4 Extended Discussions and Evaluations 
 
Based upon the discussions on this Simulation Task B as the construction of the simulation of 
waiting activity on a platform, a brief summary of the evaluation results for that task has been 
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Table 3.3 Brief summary on the evaluation results for Simulation Task B 
Simulation Task B: Waiting activity on a platform 
Specific criteria Execution procedures/items Rating and remarks 
1. Easiness in 
constructing waiting 
activity governed by 
distance-driven linear 
dispersion 
1.1 The general settings It was quite easy for the evaluator to 
follow the logical guideline reflected 
by the three execution procedures to 
construct a virtual process as waiting 
activity on a platform with desirable 
results, so the rating level for Legion 
Studio’s modeling capabilities in 
terms of that kind of easiness is 
Excellent.  
1.2 Configurations for the 
waiting zone 
1.3 Schedules for the boarding 
and alighting events 
2. Versatility in 
making measures for 
collision mitigation in 
the train door 
interface 
2.1 Assignment of priority to 
alighting over boarding  
By following the two execution items 
to fulfill the requirement of this 
specific criterion as versatility in 
making measures for collision 
mitigation in the train door interface, 
the first measure failed to realize the 
established goal of ameliorating the 
collisions in the train door interface 
and the ultimate satisfactory results 
were required one more extra action 
as movement guidance. Therefore, 
the rating level as Above average 
stands for that kind of versatility. 
2.2 Combination of movement 
guidance and priority 
assignment   
3. Flexibility in 
performing 
comparative studies 
with waiting activities 
governed by various 
dispersions 
3.1 Time-driven linear 
dispersion 
It was quite flexible for the evaluator 
to follow the instructions described 
by the four execution items to 
construct different dispersion 
situations for comparisons as this 
specific criterion’s requirement and 
decent results had been obtained, so 
consequently Legion Studio’s 
modeling capabilities in terms of that 
kind of flexibility deserves the rating 
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This fourth chapter is proposed to handle two simulation tasks for vertical flow movement in 
order to assess Legion Studio’s modeling capabilities in another two aspects within the scope of 
two corresponding crowd-prone avenues in the form of the end portion (the tail or head) of a 
staircase or escalator, and an area in front of an elevator. Therefore, the simulation of two specific 
kinds of pedestrian activities are designed, namely, transmission activity via a staircase or 
escalator, and transmission activity via an elevator, and the process of the evaluation study is also 
under the instructions of the established evaluation framework stated in Chapter 2.  
 
Moreover, for the purpose of validation of some theories which will appear in the balance of this 
Chapter 4, for example, the phenomenon of vacant steps on the escalator, and the length of the 
escalator’s the flat steps, the author had conducted in person a field survey study in two MRT 
stations in Singapore on January 1st, 2010 within the evening’s peak hours during the interval 
from 5:00 PM to 6:30 PM. 
 
 
4.1 Transmission Activity via a Staircase or Escalator 
 
A common staircase in reality functions like a ladder to provide steps for pedestrians to ascend to 
a higher level or descend to a lower level in a particular building, meanwhile an escalator can be 
deemed as the special instance of the staircase by substituting the motor steps for the concrete 
steps. As for the evolution of an escalator, it is indeed a huge historical progress. A brief review 
of the escalator development is organized in this temporal order: a prototype of an escalator can 
be traced back to the year 1885 termed as “revolving stairs” confined within the horizontal level 
invited by Nathan Ames with the working principle that a continuous moving staircase was 
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driven by the roller. Later in the year 1892, an inclined angle had been incorporated into those 
“revolving stairs” by Jesse Reno. However, that kind of inclined revolving stairs was in the form 
of the flat stairs and termed as in that time “endless conveyor”. As time moved on until the year 
1900, the first modern escalator came to function with the idea based upon Reno by substituting 
the motor steps for the common concrete steps and the entire facility was inclined in the form of a 
slope with a certain degree (Fruin, 1971). Under the aegis of technological advance, a modern 
escalator can manifest itself in diverse forms.   
 
Even though their operating manners of the staircase and escalator are different, their functional 
purpose for transporting pedestrians from one level to another is the same, so they can be put 
together for comparative discussions. In most cases, the occurrence of queuing phenomenon 
would emerge at the base of those two kinds of facilities in that when large volume of passengers 
alighting from the train was simultaneously merging into either the staircase or escalator, yet the 
width of both facilities was so narrow that most pedestrians would get stuck at the base of those 
facilities to wait for their turns to get access, thereby forming a bulk queue of a considerable size 
without definite shape. In fact, the cause of forming a bulk queue can be inferred by the fact that 
the exit rate was extremely less than the arrival rate.  
 
Within the context of this Simulation Task C as the construction of the simulation of transmission 
activity via a staircase or escalator, four specific criteria’s requirements arise: a) easiness in 
constructing unidirectional locomotion on a staircase or escalator in heavy traffic conditions, b) 
versatility in correcting jam-induced anomalies, c) flexibility in performing comparative studies 
with bidirectional locomotion and accelerated movement, and d) flexibility in performing 
comparative studies with alternative construction of an ad-hoc staircase or escalator. In each 
specific criterion, the performance of Legion Studio’s modeling capabilities in handling the 
criterion’s requirement would be assessed by the author in accordance with the software’s results. 
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4.1.1 Construction of Unidirectional Locomotion on a Staircase or Escalator in Heavy 
Traffic Conditions 
 
Between the two levels of the concourse and the platform, two common facilities, for example, a 
staircase and escalator, have provided a vertical connection for access, and the focus in this 
section is on the formation of a bulk queue at the base of those two facilities due to the large 
volume of alighting pedestrians over a short time period to flux into those two facilities, and on 
the pedestrians’ behaviors when locomotion on a staircase and escalator. 
 
On the whole basis, to fulfill the requirement of this first specific criterion as the easiness for 
Legion Studio in constructing unidirectional locomotion on a staircase or escalator in heavy 
traffic conditions, three execution procedures have been conducted as the guideline to achieve 
that fulfillment, and they are a) the general settings (for Simulation Task C), b) configurations for 
the staircase and escalator, and c) control over the number of traffic lanes. 
 
 
4.1.1.1 The General Settings 
 
Regarding the information necessary for the general settings for Simulation Task C, it consists of 
three categories of data, for instance, the general flow directions, linkage situations and input data. 
 
Figure 4.1 illustrated the general flow directions towards the staircase and escalator. By 
considering the propensity of the alighting passengers’ movement, after coming out from the train, 
they would head forwards to either the staircase or the escalator, through which they would 
proceed upwards to leave the station. Taking the case of the staircase for example, arrow AA, AB 
and AC illustrated the merging flow for the pedestrians alighting from the eastbound train, 
CHAPTER FOUR 
National University of Singapore                                                                                                                                          106 
whereas arrow AD, AE and AF for those from the westbound train. To be specific, arrow AA 
indicated the directions for those alighting pedestrians coming from the left side of the train in 
which case they would fine tune their forwarding directions downwards to the staircase’s base, 
meanwhile arrow AC the directions for those alighting from the right side of the train in which 
case they would also adjust their forwarding directions downwards to take a left turn to access the 
base, and arrow AB referred to the directions for those who were at first moving straight forwards 
and then taking a turn to get approach to the base. Since arrow AD, AE and AF is the mirror of 
the arrow AA, AB and AC respectively, similar is the case for the merging flow for the 
passengers who alighted from the westbound train. With respect to the case of the escalator, the 




Figure 4.1 General flow directions towards the staircase and escalator 
 
In accordance with the general flow directions towards the staircase and escalator, the linkage 
situations were organized in this way: after being created by the Entrance object representing the 
discharging event for the train, the pedestrians would head for their nearest train door which was 
represented by a Focal Node object acting as the decision-making point where the pedestrians 
could choose the one of the available facilities, either the escalator or the staircase to leave the 
platform. In this case, the decision-making method was determined by the user-defined 
percentage, for instance, 60% versus 40% for the choice of the escalator and the staircase 
 Eastbound
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respectively as the hypothetical study, which results could be referred to Cheung and Lam’s 
works (1998). 
 
Lastly, the issue falls down to the input data. Since the sources for creating the alighting 
pedestrians were the two trains, which were the same situations as the case of the simulation of 
waiting activity on the platform, the input data were adopted from the section of 3.2.1.1, which 
data were derived from Jiang et al’s experimental data (2009) as the hypothetical study, yet with 
the focus on the pedestrian locomotion on the staircase and the escalator. In details, for the 
eastbound train, it would discharge 288 passengers over the time from 7:06:00 to 7:06:17 in a 
uniform manner meanwhile for the westbound train, it would evenly release 51 passengers from 
7:06:10 to 7:06:22. 
   
 
4.1.1.2 Configurations for the Staircase and Escalator  
 
Also, the configurations for one spatial object involve the external form design and the internal 
parameter-related settings.  
 
For the case of a Stair object, it represents how the physical staircase functions in reality. In the 
form design, the principle of creating a Stair object starts from the lower part to the upper part, 
and during the creation process, some remarkable segments necessitate attention. For example, in 
the lower part, from the view of right to left, these remarkable segments are the continuous steps, 
landing and overlap area meanwhile in the upper part they include the overlap area and the 
remaining continuous steps as shown in Figure 4.2. By observing that figure, there is a joint 
segment termed as “the same portion” which refers to the same area shared by both two levels. 
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Additionally, the terminology for those remarkable segments is termed from the architectural 









Figure 4.2 Form design for a Stair object 
 
Upon the form design for the Stair object, next procedure as the parameter-related settings is to 
indicate the staircase direction started from the lower part which will be open for either upwards, 
or downwards, or both. In this simulation, bidirectional directions were adopted as the common 
situations in the real life. 
 
Similarly, in the case of the Escalator object which represents the functions of a real escalator, the 
principle of creating an Escalator object is the same with that of a Stair object. According to 
Figure 4.3, there are also some remarkable segments characterizing a common escalator. In the 
lower part, from the view of right to left, they are the end of balustrade to the first flat step, flat 
Continuous Steps Overlap Area Landing
Lower part  
Upper Part  
Overlap AreaContinuous Steps 
The Same Portion 
The Same Portion 
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steps, motor steps and overlap area whereas in the upper part those remarkable segments are also 
the same appearing in the lower part yet being organized in a reverse order. To note, the segment 
of the end of balustrade to the first flat step refers to the boarding area before the segment of the 
flat steps, meanwhile the flat steps are what to provide comfortable area for the pedestrians to 
first step in the escalator and they are usually occupied by 3 consecutive steps from the field 








Figure 4.3 Form design for an Escalator object 
 
As to the parameter-related settings, an Escalator object needs the assignment of a tangential 
speed and a slope or inclination degree. In this simulation, those two items of inputs are set as 
0.75 m/s and 30˚ respectively as the hypothetical case study, which data were adopted from 
Galbreath’s (1968) recommended configurations for the office facilities in a particular building. 
 
Motor Steps  Overlap Area 
Lower Part  
Overlap Area Upper Part 
Flat Steps 
Flat Steps Motor Steps 
End of Balustrade to 
the First Flat Step  
End of Balustrade to 
the First Flat Step  
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In addition, the final part of this section is about to discuss the depth of an overlap area as 2 
meters recommended by the user manual of Legion Studio (2006). The alleged overlap area is to 
realize the pedestrians’ instantaneous transmission from one level to the adjacent level. As for the 
value of 2 meters, two piece of evidence support it. For one thing, in Turner’s Ph.D dissertation 
(1985), he argued that the step length is on average in the range of 78.1 ± 6.3 cm on the flat 
ground which is less than 2 meters. For the other thing, by considering the survey data from Lam 
and Cheung (2000) conducted in the MTR station in Hong Kong from October to December in 
the year 1997, the free-flow walking speed in an optimistic situation was 51.62 m/min equivalent 
to 0.86 m/s, and 58.52 m/min equivalent to 0.98 m/s for the speed in ascending and descending 
the staircase respectively. Taking the case of descending the staircase for example due to its 
velocity larger than its counterpart of the speed in ascending the staircase, since the time-step 
adopted by Legion Studio is 0.6 seconds, the perpendicular distance between the foremost edge 
which first catches sight of the incoming traffic and the position of the first step in the overlap 
area is 0.59 meters, the product of 0.98 m/s and 0.6 seconds, which is still less than 2 meters.  
 
At last, the rule to select an overlap area, based upon the substantial number of experiments by 
the author, is recommended like this: in the case of a staircase, since the remarkable segment like 
the landing is a good indicator, the overlap area can be placed after this segment, and that idea is 
more suitable for the situation where some segments were shared by both of the lower part and 
the upper part; rather, in the case of an escalator, the end portion in the lower part is also the start 
portion in the upper part, so the end portion is the optimal choice for an overlap area, and that 
idea is more appropriate for the situation where there was no any the same segment appearing 
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4.1.1.3 Control over the Number of Traffic Lanes 
 
By definition, the number of traffic lanes on the staircase or escalator refers to the number of 
pedestrians passing through abreast the same virtual control line. From Du Plessis’s research 
(1986), the design principle for the number of traffic lanes had been pointed out that in America, 
for the case of a staircase, its width of 30 inches between the two handrails (the handrails 
extruded from the end of the staircase is usually 4 inches) is suitable for one traffic lane, and 52 
inches for two traffic lanes; rather, for the case of an elevator, the standard width of 48 inches is 
recommended for two lanes. However, in practice, especially during the peak hours, most of the 
pedestrians would rush to leave the platform, and the number of traffic lanes was greater than the 
recommended value. It is because of over a short time period that human beings would increase 
the tolerance about the bodily contact and decrease the requirements for comfortable personal 
space, resulting in less inter-person spacing and correspondingly more number of traffic lanes. 
More remarkable of that phenomenon is in Asian, due to the comparatively smaller physique and 
higher degree of tolerance about space invasion (Tanaboriboon et al., 1986), so the number of the 
pedestrians passing through abreast the same virtual control line could lead to its maximum value. 
 
Even though the Asian pedestrians are trying to create the number of traffic lanes on these two 
facilities as many as possible, one remarkable and different thing between a staircase and 
escalator when pedestrians’ locomotion occurs on them is the phenomenon of vacant steps (Fruin, 
1971), with the same meaning as the inter-person spacing, no matter longitudinal or lateral. To be 
specific, in the case of a staircase, there was hardly any vacant step between two consecutive 
pedestrians, or in other words, gaps between laterally adjacent pedestrians, let alone the 
longitudinal inter-person spacing. Under that sort of situation, pedestrians would brush against 
each other and the step utilization was approximately 100%. By contrast, in the case of an 
escalator, although during the peak hours, the step unitization was only in the range from 70 to 80 
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percent (Fruin, 1971). One reason for that interesting phenomenon of vacant steps is the different 
boarding behavior for the escalator from that for a staircase: when boarding an escalator, a 
pedestrian has the option of choosing a step which is directly behind or beside another person, 
with the risk of brushing against him or her, or the option to let that step pass by and board on the 
next step, for a more comfortable personal space, thereby creating vacant steps. To support the 
above statements, a field photographical survey has been conducted by the author, with the 
results exhibited from Figure 4.4 to Figure 4.6.  
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Figure 4.5.A                                                       Figure 4.5.B 
Figure 4.5 Upward locomotion on a real escalator 
 
 
Figure 4.6.A                                                      Figure 4.6.B 
 
 
Figure 4.6.C                                                         Figure 4.6.D 
Figure 4.6 Downward locomotion on a real escalator 
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Prior to the realization of controlling over the number of the traffic lanes, the number of 
maximum lanes should been investigated first. To that end, the shoulder breath and the width of 
the two facilities are necessary to be put forward. Since this thesis is focused on the Asian 
commuters, the data of the shoulder breath had been adopted by the Hong Kong Chinese 
industrial workers, the only data for Asian people, which can be referred to Pheasant and 
Haslegrave’s classical book on body dimensions (1996), and the data of shoulder breath for the 
people in other regions are also the baseline for Legion Studio to treat the pedestrian as a 
footprint.  
Table 4.1 Antropometric estimates for two kinds of the shoulder breath (Dimensions in 
millimeters) 
 Men Women 








335 365 395 19 315 350 385 22 
 
Supported by Figure 4.7, the concept of bideltoid shoulder breath is, measured between the 
protrusions of the deltoid muscles, the maximum horizontal breath across the shoulders, 
meanwhile biacromial shoulder breath is, measured between the acromia (i.e. the bony points), 
the horizontal distance across the shoulders. For the following estimation, the underlined value of 
0.47 meters as the 95 percentile of the bideltoid shoulder breadth has been adopted.  
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Table 4.2 Estimates about the number of traffic lanes 
No. of lanes Horizontal spacing required for the standing pedestrians 
3 1.41 meters (product of 0.47 meters and 3) 
4 1.88 meters (product of 0.47 meters and 4) 
 
Based upon the layout, the width of the staircase (not considering the handrails) and of the 
escalator is 2 meters and 1.3 meters respectively. By taking into account the estimation from 
Table 4.2, the staircase is sufficient to accommodate up to 4 lanes and can handle maximum 5 
lanes for an extreme case, and the escalator can accommodate 2 lanes and maximum 3 lanes for 
an extreme case. As to the extreme case, it means that the diameter of the footprint is slightly 
smaller than the value of 0.47 meters. 
 
For the form design of both the Stair object and Escalator object, since the Focal Segment is by 
default fixed on the foremost edge which first catches sight of the incoming pedestrians, and the 
Focal Point is on the optimal placement as the midpoint of the Focal Segment, the only 
manipulation to configure the number of the traffic lanes which has a great impact on the vacant 
steps is the two approach angles. 
 
The satisfactory results were expected that there were 5 traffic lanes seldom with vacant steps for 
the locomotion on the staircase meanwhile there were 3 traffic lanes with remarkable vacant steps 
for the locomotion on the escalator. To that end, important is the manipulations of the effective 
width, which is used to control over the spacing range open for accepting the pedestrians to cross 
the Stair/Escalator object’s Focal Segment, since the locomotion on the staircase or escalator 
amounts to the movement within a spatial object’s boundary. 
 
For the case of the staircase, it tried to prevent the vacant steps, so the effective width should be 
in the maximum state, as long as the length of the Focal Segment, in which case the width open 
for the pedestrians to entry would be large enough to accommodate the maximum number of the 
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traffic lanes. In other words, the effective width was open for larger volume of pedestrians to 
cross the Focal Segment, thereby leaving less space available for creating the vacant steps. Rather, 
for the case of the escalator, since it tried to make appear the vacant steps, the effective width 
should be shorter than the length of the Focal Segment, in which case its smaller capacity due to 
shorter effective width would reduce the volume of the pedestrians passing through the Focal 
Segment, thereby producing the phenomenon of vacant steps. Based upon substantial number of 
experiments by the author, optimal results were resulting from 0˚ and 80˚ for the staircase and the 
escalator’s approach angles as shown in Figure 4.8. 
 
 
Figure 4.8 Configurations for Approach Angles 
 
For good visual effects supported by the animation techniques where the appearance and 
disappearance of the train can be displayed, for example, Layer View was employed to afford the 
animation function. As to the concept of Layer View, it actually refers to what kind of physical 
objects, for example, trains, staircases, and elevators, etc. will be exhibited at a user-defined time 
point. Table 4.3 has illustrated the arrangement of the appearance of the physical objects. To be 
specific, at the time point of 7:06:20, the westbound train would appear in the simulation program 
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Table 4.3 Arrangement of Layer View 
Time Sequence of Layer View Descriptions for the appearance of the physical object
7:06:00 EastTrain (First) Eastbound train 
7:06:10 BothTrain (Second) Both trains 
7:06:20 WestTrain (Third) Westbound train 
7:06:25 NoTrain (Fourth) Neither train 
 
The idea to realize the function of the Layer View is that prior to running the simulation program, 
the specification that what kind of physical object would be needed to appear at a particular time 
point is initially to be assigned into the timeline with the hints shown by Figure 4.9, and when the 
simulation program advanced to that time point, the specified physical object would exactly be 
displayed as expected. 
 
 
Figure 4.9 Settings for Layer View 
 
From Figure 4.10 to Figure 4.14, different phases of the pedestrians’ movement from the train to 
the staircase or escalator have been recorded. For Figure 4.10 with the simulation time as 7:05:55 
which was earlier than the first Layer View, there was no any animation appear in the simulation 
program. 
 
Figure 4.10 Results before the display of the first Layer View (7:05:55) 
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Figure 4.11 as the second phase with the simulation time as 07:06:08 which was the time point 
between the first and the second Layer View showed that the contour of th eastbound train had 
appeared and started to discharge its passengers. 
 
 
Figure 4.11 Results between the display of the first and the second Layer View (07:06:08) 
 
As the simulation time advanced to 07:06:19 which was between the second and the third Layer 
View, both of the eastbound train and the westbound train had appeared. Viewed from Figure 
4.12, the alighting pedestrians had formed a merging flow in a considerable scale to head for the 
staircase or escalator and the bulk queues had formed at the base of those two facilities. 
 
 
Figure 4.12 Results between the display of the second and the third Layer View (07:06:19) 
 
When the simulation time reached to 07:06:24 which was between the third and the fourth Layer 
View, Figure 4.13 revealed that the eastbound train had disappear, representing its leaving from 
the platform.  
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Figure 4.13 Results between the display of the third and the fourth Layer View (07:06:24) 
 
The last phase lay in both trains had left the platform as can be observed from Figure 4.14. To 
facilitate the observation on the locomotion situations on the staircase and escalator, a close-up 
screenshot had been provided. Expected results had disclosed that, the staircase and the escalator 
could accommodate up to 5 and 3 pedestrians at its respective base to pass through abreast the 
same virtual control line viewed in the vertical direction. Furthermore, there was seldom vacant 
step for the locomotion situations on a staircase, meaning the inter-person spacing was very 
narrow. Rather, due to the different boarding manner for using an escalator, vacant steps were the 
remarkable characteristics for the locomotion situations on an escalator in which case the 
behaviors of brushing against the neighbors were relatively less frequently on an escalator than 
on a staircase.  
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For the comparion purposes, the approach angles set as 0˚ and 80˚ for the Stair object and the 
Escalator object respectively in the case of Figure 4.8 have been altered to 30˚ for both, with the 
ramifications illustrated by Figure 4.15. Viewed from that figure, unsatisfactory results from the 
altered settings showed that the interpersonal space on the staircase with the approach angles as 
30˚ was too larger than expected during the rush hours, whilst the occupancy rate in the escalator 
with the approach angles as 30˚ was larger than expected, thereby hiding the necessary 
phenomenon of vacant steps.   
 
 
Figure 4.15 Results for 30˚ approach angles settings in the two facilities (07:07:01) 
 
 
4.1.2 Recommended Corrections for Jam-Induced Anomalies  
 
When the simulation program ran to a certain time point, two sorts of abnormal movements 
appeared at the base of the escalator or staircase due to over-saturated congestion. Hence, this 
second specific criterion created lies in the versatility for Legion Studio’s modeling capabilities in 
correcting jam-induced anomalies. To fulfill that specific criterion’s requirement, two execution 
items would be conducted: a) corrections for movement in forbidden accessible space, and b) 
corrections for expired delay problems.  
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For the first kind of anomaly, it belongs to the domain of abnormal movement in the forbidden 
accessible space. To be specific, for the ensuing incoming pedestrians, when the queue-tail at the 
base of the escalator seemed stagnant due to congestion ahead, they would be forced to brake and 
their standing positions would be randomly to appear after the portion of the queue-tail as long as 
it was the accessible space identified by Legion Studio. However, some amount of accessible 
space as in this simulation was exclusively occupied by the train and could not be open for the 
pedestrians to entry if there was no arrival train to sojourn. In reality, if the pedestrians were 
standing in that amount of space, they would fall into the tracks as shown in Figure 4.16, which 
could not be acceptable for the simulation. In addition, the space marked with the gray color 
indicates the accessible space meanwhile the space with the white color the physical obstacles, 




Figure 4.16 First kind of anomaly when locomotion towards the escalator (07:07:06) 
 
For the second kind of anomaly with the proof of Figure 4.17, it is such an abnormal phenomenon 
that even though the sojourn period for the train was ended, some pedestrians who could not 
alight, instead of being forced to stay within the train , continued to get out from the train. 
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Figure 4.17 Second kind of anomaly when locomotion towards the escalator (07:06:22) 
 
 
4.1.2.1 Corrections for Movement in Forbidden Accessible Space  
 
In reality, the forbidden accessible space will be marked by the apparent signage, and the 
pedestrians would know that that place was not permitted for entry from the signage’s indications. 
To that end, the Drift Zone object acting as the function of a signage is helpful. Figure 4.18 
showed the form design of the two Drift Zone objects which had been placed on the site where 
the anomaly was prone to occur. Yet, for the configuration of the indicative arrow, the angle was 
set as 75˚ to the horizontal, one of the recommended settings based upon plenty of experiments 
by the author, and those two spatial objects were only effective for the alighting pedestrians, 
rather than those with the boarding propose, by the embedded filtering function of that spatial 
object. 
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Figure 4.19 illustrated the satisfactory results: when the pedestrians were forced to get close to 
the train door duo the over-saturated congestion ahead, they would leave away from that area 
along the defined degree of the indicative arrow and be protected from falling down into the 
tracks in reality. 
 
 
Figure 4.19 Results for the case of Figure 4.18 (07:07:03) 
 
 
4.1.2.2 Corrections for Expired Delay Problems 
 
Taking the case of the eastbound train for example, one possible solution proposed by the author 
is that when the simulation time advanced to 7:06:20 which was equal to the end time of the 
discharging event of the train, the pedestrians who could not come out from the train would be 
destroyed at their current positions. To that end, a Direction Modifier with adequate parameter-
related settings was employed with the layout depicted by Figure 4.20.    
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Figure 4.20 Application of the Direction Modifier object 
 
Supported by Figure 4.20 and Figure 4.21, complete configurations for the Direction Modifier 
object has been articulated as follows: For the form design, it was a purple rectangle in shape, 
with the size overlapping the Exit object which was representing the train contour. For the 
parameter-related settings, in the filters tab, the Direction Modifier object was only effective for 
the alighting pedestrians, meanwhile in the parameters tab, it functioned in this way: when the 
simulation time was after the time point of 7:06:20 which was the end time of the discharging 
event of the train, a time scope named as “NotAEastTrian” would be activated to make all the 
pedestrians (100% settings in the item of “percentage of entities to affect”) within the boundary 
of the Direction Modifier object to be retargeted to the Exit object. In other words, those 
pedestrians who could not alight in the schedule of the discharging event would disappear in the 
same location as their current standing positions. In reality, those cannot get out from the train 
would be accompanied with the departure of the eastbound train to disappear. However, the 
possible solution was not the best one and the ideal solution should be the one where the all the 
passengers who would like to alight would be directed to get out from train and for the last 
outgoing ones, it was better for Legion Studio to accelerate their forwarding speeds to push their 
leaders, or to find gaps ahead, to such an extent that they could also come out from the train 
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Figure 4.21 Parameter-related settings for the Direction Modifier object   
 
 
4.1.3 Comparative Studies with Bidirectional Locomotion and Accelerated Movement  
 
The third specific criterion is to evaluate Legion Studio’s modeling capabilities in flexibility in 
performing comparative studies to the counterpart of the case of the unidirectional locomotion 
stated in the section of 4.1.1, and the core contents for this kind of comparative studies lies in the 
bidirectional locomotion and accelerated movement. For the purpose to fulfill this specific 
criterion’s requirements, such three execution items as a) bidirectional locomotion on a staircase, 




4.1.3.1 Bidirectional Locomotion on a Staircase 
 
Overall, the bidirectional locomotion on a staircase involves conflict flows, namely, one egress 
flow created by the alighting pedestrians to move upwards along the staircase to leave the 
platform meanwhile the other ingress flow produced by the boarding pedestrians to move 
downwards along the staircase to get approach to the platform.  
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Regarding the input data, they used the same data from the section of 3.2.1.1 which interpreted 
the data for the construction of the simulation of waiting activity on a platform. To be specific, 
for the egress flow created by the alighting pedestrians, the input data was the volume of the 
pedestrians coming from both of the eastbound train and the westbound train, meanwhile for the 
ingress flow produced by the boarding pedestrians, the input data was the volume of the 
pedestrians coming from the outside where the percentage of the pedestrians heading for the 
eastbound train versus that of those heading for the westbound train was 70% versus 30%, with 
the arrival rate as 0.28 ped/s for the following hypothetical case study. 
 
Prior to the introduction of the bidirectional locomotion on the staircase, the behavior for the 
decision of choice for using either the staircase or the escalator was to be explained, since that 
kind of choice behavior was of importance for understanding how pedestrians would get access to 
the staircase or escalator. As stated in Chapter 3, after passing through the fare collection gate, the 
pedestrians would progress forwards to the paid concourse and then encountered an area where 
the pedestrian would make a decision of using which facility to go downwards to the platform 
and that decision-making area was marked by a black polygon as shown in Figure 4.22. 
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In the situation that when there were two sub-routes leading to the same target, it was optimal to 
create a decision-making area for the reason that the decisions made by the pedestrians should be 
on spot within the boundary of that area (Zhou et. al, 2009), based upon a particular principle that 
the choice was affected by their current positions to the closer facility. Hence, a Focal Node 
object was employed to realize that situation with the underlying idea that upon the first step into 
the boundary of the Focal Node object representing the decision-making area, the pedestrian 
would get the information from that spatial object that he/she would be guided to either one 
facility in accordance with the principle of shortest distance.  
 
Furthermore, next discussion falls down to the issue that why the decision-making method of 
shortest distance needs to be determined within the boundary of the Focal Node object 
representing the decision-making area, instead of within the boundary of the Delay Point object 
representing the fare collection gate by setting the linkage directly from the gate-line to the 
staircase or escalator. One reason for that discussion is that if the decision-making method was 
identified by the Delay Point object, it would cause anomaly since the decision for the choice of a 
staircase or escalator was made before the pedestrians could actually “see” them, which was not 
only unrealistic but also incorrect. Therefore, the decision-making method was better to be 
embedded within the Focal Node object, and its size should be the maximum accessible space in 
front of both facilities and subject to the physical obstacles’ corners, which description supported 
by Figure 4.22. 
 
The expected trajectories for the pedestrians to get access to the Focal Node object were that their 
traces were better to be closer to the facilities, i.e. inclined to the right side of the virtual central 
axis which was a dashed line with the Focal Point as the starting point. To that end, the approach 
angle to the vertical for the left side was better to be greater than that for the right side which 
remained intact, perpendicular to the Focal Segment. Figure 4.23 showed the different settings for 
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the approach angle to the vertical for the left side. In Figure 4.23.A, the approach angle was 0˚ 
and the results showed that in the space in front of the Focal Node object’s foremost edge, all 
pedestrians moved forwards with the trajectory as a straight line and then adjustment of their 
forwarding direction to get closer to the facilities occurred after crossing the foremost edge. 
However, the desirable results were that the pedestrians had a propensity to move forwards with a 
little right-turn trace before crossing the foremost edge depicted by the red arrow indication in 
Figure 4.23.B. Hence, that approach angle set as 15˚ could live up to the expectation and the 
better effects were obtained when that approach angle was set as 30˚ with the results exhibited by 
Figure 4.23.C. 
  
Figure 4.23.A Approach Angle = 0°                      Figure 4.23.B Approach Angle = 15° 
 
  
Figure 4.23.C Approach Angle = 30° 
Figure 4.23 Results for different settings of approach angles for the case of Figure 4.22 (7:06:00)   
Foremost Edge 
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After the setting for the approach angles, in-depth observation portrayed that the pedestrians 
would take the right turn at 90˚ when they chose to the escalator depicted by the recorded 
trajectories from Figure 4.23. However, that kind of phenomenon was unnatural in reality, since 
most pedestrians would not walk like a robot to take an accurate 90˚ right turn to progress 
forwards. To ameliorate that sort of condition, one recommended solution is the extension of the 
original Focal Node object’s boundary, to be more accurately, to reset the position of the 
foremost edge. Figure 4.24 exhibited that the foremost edge had been prolonged to be in line with 
the extension line of the Escalator DESC’s bottom line. 
 
 
Figure 4.24 Extended boundary for the Focal Node object 
 
Based upon the form design in Figure 4.24 for the Focal Node object, the resultant ramifications 
were satisfactory: when the pedestrians chose the escalator, they would walk with a cure-like 
trajectory as shown in Figure 4.25. By taking into account the effects from the approach angle, 
the results with the 30˚ setting plus the extended boundary for the Focal Node object were 
arguably better.   
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Figure 4.25.A Approach Angle = 15°            Figure 4.25.B Approach Angle = 30° 
Figure 4.25 Results for settings of different approach angles for the case of Figure 4.24 (7:06:00)       
                    
Continued with the pedestrians’ journeys, as the simulation time advanced, the alighting 
pedestrians would encounter their counterpart of the boarding pedestrians in a certain portion of 
the staircase or at the base of the escalator, thereby forming the conflict flows. For good visual 
effects, the blue-based cold color footprints (blue-gray, lime and lime turquoise) represent the 
boarding pedestrians meanwhile the red-based warm color (dark-red, brown and bright-red) the 
alighting pedestrians. 
 
For the case of a staircase as shown in Figure 4.26, even though the volume in the downward 
flow formed by the boarding pedestrians was not so much as the volume in the reverse flow in the 
upward direction created by the alighting pedestrians, the impacts for the alighting pedestrians to 
change their forwarding behaviors were considerably. One of the most conspicuous impacts was 
more gaps were created between the alighting pedestrians and the number of traffic lanes could 
hardly reach up to 4, including one lane accounting for the boarding pedestrians. In other words, 
there were seldom four pedestrians to pass through abreast a virtual control line. However, that is 
an authentic phenomenon in the real life, since anarchy does lead to low efficiency for the 
facilities’ utilization.  
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Figure 4.26 Results for bidirectional locomotion on the staircase (7:06:24) 
 
For the cases of at the base of the escalator as shown in Figure 4.27, results showed that it was 
quite difficult for the boarding pedestrians landing from the Escalator CESC to find the gaps to 
cut through the balk queue created by the alighting pedestrians who were accumulated at the 
Escalator DESC’s base with a considerable size. 
 
 
Figure 4.27 Results for conflict flows at the base of the escalator (7:06:25) 
 
Due to the low efficient usage of a facility, a recommended solution was to make a traffic policy 
for the pedestrians involved in the conflict flows to inform them to keep to one side for progress, 
and that idea can be referred to Kardi’s suggestion (2002). 
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4.1.3.2 Accelerated Movement on a Staircase  
 
This second execution item as accelerated movement on a staircase, as it name suggests, refers to 
the real situations that when the train announcement was ringing, some aggressive pedestrians 
would become intense and move faster in the hope to catch the train in the last minute. Taking the 
boarding pedestrians to the eastbound train for example, the design for the realization of that sort 
of situation as a hypothetical case study was that, 60% of the adult pedestrians would accelerate 
their speeds when the scope of the simulation time was in the range from 7:05:40 to 7:06:17, 
meaning the accruement would start from 7:05:40 to 7:06:17, since the boarding event was 
scheduled from 7:06:03 to 7:06:17,  
 
To that end, a Direction Modifier object was employed and Figure 4.28 and Figure 4.29 
supported the illustration for its configurations. The form design for the Direction Modifier object 
was a purple rectangle with the size of the staircase contour, indicating it effective area was the 
entire staircase. Because when the simulation time advanced to the time scope from 7:05:40 to 
7:06:17, 60% of the adult pedestrians would become aggressive to move faster to reach the 
platform, introduced was an extra entity type of Adult Runner which was derived from the 
AdultB2EAST with the alternation of the replacement of its original speed profile with the 
Legion-provided runner speed profile. To facilitate observation, the runner is represented by the 
footprint with an indigo color, and the blue-gray color is for the original adult commuters’ 
footprint.   
 
Figure 4.28 Parameter-related settings for the Direction Modifier object   
Direction Modifier Object 
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Figure 4.29 Parameter-related settings in the Direction Modifier object’s target rules tab  
  
From a complete and thorough consideration, the 60% of the pedestrians selected to accelerate 
their speeds were better to exclude those who had be affected once to move faster, and the 
effectiveness was only for the existing common adults who did not be affected before and 
currently moved with their original speed profile. In other words, those pedestrians who had 
already altered their speeds due to the effect from the Direction Modifier object would not be 
manually forced to change their forwarding speeds again. Hence, in the parameter-related settings 
for the Direction Modifier object’s target rules tab, an option as “do not affect an entity more than 
once” was checked as shown in Figure 4.29. 
 
From Figure 4.30 to Figure 4.32, different phases for the accelerated movement on a staircase 
were provided. In order to easily observe the results, the arrival rate in the Entrance object outside 
the metro station has been increased from 0.28 to 1.29 ped/s, since larger input data would make 
higher probability in seeing the accelerated movement. In Figure 4.30, the simulation time was 
07:05:39, one second before the Direction Modifier object’s active period in which case all the 
pedestrians would move in accordance with their defined speed profile. There, the lime footprint 
P1 would serve as the reference object and those blue-gray footprints (P2, P3, and P4 for example) 
representing the adult pedestrians would have a probability of 60 percent to increase their moving 
speeds.      
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Figure 4.30 First phase of the locomotion on the staircase (07:05:39) 
 
When the simulation time advanced to 07:05:42, the Direction Modifier object would try to affect 
60% of the existing adult pedestrians to accelerate their speeds. In a random choice, the 
pedestrian P3 in Figure 4.31 and the ensuing incoming pedestrian P7 with a footprint of the bright 
blue color had been affected to move faster with the runner speed profile. Another finding was 
that the pedestrian P3 with faster speed profile had overtaken the pedestrian P2.   
 
 
Figure 4.31 Second phase of the locomotion on the staircase (07:05:42) 
 
One second later as 07:05:43, the remaining common adult pedestrians (P2, P4, P5 and P6 for 
example) would still have a chance to increase their moving speeds. From the screenshot of 
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Figure 4.32 Third phase of the locomotion on the staircase (07:05:43) 
 
Admittedly, the limitation for this execution item as accelerated movement is that, the original 
pedestrians to be changed to the aggressive ones are those without luggage. Since the entity type 
is dependent upon the footprint’s size, if the original pedestrians were those who did not  carry 
luggage with them or those who carried with them a clear defined size luggage (small, 
intermediate or large), the change of the footprint representing a pedestrian was a slight 
difference and acceptable. However, when the Direction Modifier object tried to affect those 
pedestrians with random assignment of luggage, the change of the footprint would become 
unexpected, usually quite different from the original one.  
 
 
4.1.3.3 Accelerated Movement on an Escalator  
 
In Legion Studio, the movement on an escalator was to let the pedestrians become “still” 
meanwhile to move them with a fix tangential speed, for example, 0.75 m/s in the previous 
setting. Viewed from the underlying mechanism, upon the pedestrian’s first step into the 
Escalator object, the vertical Y-axis coordinate for him/her remains the same as the Y-axis 
coordinate of the position of the first step into the spatial object until his/her leaving, whilst the 
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Hence, the idea comes out to make an attempt to realize the accelerated movements on an 
escalator as the third execution item for the evaluation of Legion Studio’s modeling capabilities 
in handling the comparative studies. 
 
Since in the heavy traffic conditions, all the pedestrians would rush to leave the platform and no 
acceleration would happen. Therefore it was only under the light traffic conditions that it was 
possible for the accelerated movement on an escalator to appear where most of the pedestrians 
stepping into the escalator would first shift to the left side of the escalator to spare the room in the 
right side for others to undergo overtaking actions. To that end, the volume of the total alighting 
pedestrians from both the eastbound train and the westbound train was to reduce one third to the 
original volume to reproduce the light traffic conditions. In real manipulations, the expected 
results were that all the pedestrians including the children, adults and elderly would be instructed 
to move to the escalator’s left side and then exclusively for the adult pedestrians, they would be 
treated as the aggressive adults with an increased speeds to undergo the overtaking actions. 
 
In order to realize the purpose of keep-left movement in the left side and of accelerated 
movement in the right side on the escalator, two manipulations as shown in Figure 4.33 are 
necessary: a) configurations for the two approach angles in the Escalator object, and b) 
application of an additional Drift Zone object. 
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For the purpose of keep-left movement where the trajectories of the pedestrians were 
concentrated closer to the facility’s left side, the approach angle to the horizontal for the top side 
should be greater than that for the bottom side. Based upon considerable number of experimental 
tests by the author, satisfactory results came from the approach angle as 90˚ for the top side and 
30˚ for the bottom side respectively exhibited in Figure 4.33. 
 
As can be seen from Figure 4.33, the Drift Zone object was employed to afford the realization of 
accelerated movement. In the form design, its shape was a yellow rectangle with the size covering 
the entire escalator contour. In the case of parameter-related settings, that spatial object would 
modify the speed for the selected entities to increase up to 160% to its original value and those 
selected entities from the alighting adult pedestrians were to be sifted out by using the filtering 
function embedded within the Drift Zone object. 
 
 
Figure 4.34 Parameter-related settings for the Drift Zone object 
 
Based upon the above analyses and settings, Figure 4.35 and Figure 4.36 were the illustrations 
showing two phases for the results of this accelerated movement. On the whole basis, the 
locomotion on the escalator was inclined to the facility’s left side. As for the overtaking 
phenomenon, pedestrian P1 represented by the dark-red footprint acted as the reference object. 
Once within the escalator’s boundary, the adult pedestrians (P2, P3 and P4, for example) would 
become aggressive to such an extent that they would increase their speeds to overtake their 
neighbors and move in the facility’s right side.  
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Figure 4.35 First phase of the locomotion on the escalator (7:06:24) 
 
 
Figure 4.36 Second phase of the locomotion on the escalator (7:06:30) 
 
Admittedly, one limitation can be pointed out by reviewing the construction process. Once the 
Drift Zone object tried to affect the adult pedestrians, it would make an impact for all the adult 
pedestrians, instead of for a user-defined percentage.  
 
To sum up, based upon the different configurations on the escalator and staircase, two unique and 
distinct methods have been put forward to realize the same objective of the accelerated movement 
on those two facilities. However, within those two methods, each of them has shown its own 
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4.1.4 Comparative Studies with Alternative Construction of an Ad-hoc Staircase or 
Escalator  
 
According to the results from the pedestrian locomotion on the staircase and escalator supported 
by the Stair object and the Escalator object reprehensively, the function of those two specialized 
Legion-provided spatial objects can be applicable for all the standard staircases and escalators 
across two levels in the real world. However, in some special cases where a large scale escalator 
is spanning three levels for which the specialized Escalator object is incapable of representation, 
an ad-hoc escalator defined by the users through the combination of the existing Legion-provided 
spatial objects to function like the real facility can be to meet the special case’s requirements. 
Therefore that is motivation for the creations of this fourth specific criterion as to evaluate Legion 
Studio’s modeling capabilities in flexibility in performing comparative studies with alternative 
construction of an ad-hoc staircase or escalator. Hence the following is in an attempt to cope with 
this specific criterion’s requirements, and the results provided by Legion Studio will act as the 
reference for evaluating the software’s modeling capabilities in terms of that kind of flexibility.  
 
 
4.1.4.1 Construction of an Ad-hoc Staircase 
 
The idea behind the construction of an ad-hoc staircase is to apply the existing Legion-provided 
spatial objects to represent those remarkable segments as stated in Figure 4.2. To realize the 
staircase open for the upward direction, in the lower part, there are four Drift Zone objects which 
represent the boarding area, continuous steps, landing and overlap area from the view of right to 
left. As to the corresponding functions, parameter-related settings in the Drift Zone object can 
provide respective settings with the options as shown in Figure 4.38. For example, the function 
represented by the boarding area, continuous steps, landing and overlap area corresponded to the 
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option as “stairs boarding area”, “stairs-up”, “flat ground” and “stairs-up” respectively. As to the 
stair head and tail for the lower part, they were represented by a Focal Node object and a Level 
Exit object respectively, with the corresponding function as control over the number of traffic 
lanes by the Focal Node object’s approach angles, and instantaneous transmission of the 
pedestrians to the upper part. As to the layout of those two spatial objects, Figure 4.37 has 
provided sufficient hints. Comparably, in the upper part, there were one Drift Zone object and 
one Level Entrance object from the view of right to left. The Drift Zone object with the 
parameter-related settings in the option as “stairs-up” was employed to represent the continuous 
steps meanwhile the Level Entrance object would work in this way: the pedestrians transferred by 
the Level Exit object located in the lower level would instantaneously appear in the Level 
Entrance object located in the upper level. Until now, it is safe to conclude that a paired Level 
Exit object and Level Entrance object is to function as what the specialized Legion-provided Stair 
object’s overlap area works.   
 
As for the idea to realize the ad-hoc staircase working in bidirectional directions, its construction 
in the upper part is the same with the construction for the lower part to deploy the spatial objects 


















Figure 4.37 Spatial objects for the ad-hoc staircase 
 
 
Figure 4.38 Parameter-related settings for the Drift Zone object representing the ad-hoc staircase  
 
 
4.1.4.2 Construction of an Ad-hoc Escalator 
 
Based upon the construction idea from an ad-hoc staircase, an ad-hoc escalator spanning three 
levels is about to be established through the combination of the existing Legion-provided spatial 
objects to represent those remarkable segments as stated in Figure 4.3. In accordance with the 
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architectural shape of the real escalator, the construction process for the form design will be 
articulated in three parts, illustrated with the help of Figure 4.40. 
 
For the lowest part of the escalator, the facility’s head and tail were also represented by a Focal 
Node object and a Level Exit object to realize their respective function similar with those spatial 
objects stated in the ad-hoc staircase: control over the number of traffic lanes and instantaneous 
transfer of the pedestrians. With respect to the two Drift Zone objects, they represent 
correspondingly the boarding area and the motor steps from the view of right to left, with their 
respective functions identified in the parameter-related settings for the Drift Zone object in Figure 
4.40. Special attention was paid to the Drift Zone object representing the motor steps, because it 
was required to be assigned with a tangential speed and slope, and the settings for them were still 
adopted the value of  0.75 m/s and 30˚, consistent with the case of the specialized Escalator object. 
For the intermediate part, from the view of right to left, there were one Level Entrance (-1) object 
which was paired with Level Exit object (-1) in the lowest part, one Drift Zone object 
representing the motor steps, and another one Level Exit object (-2) which would transfer the 
pedestrians into the uppermost part. As can be seen from the layout in the uppermost part, there 
were one Level Entrance object (-2) which was paired with Level Exit object (-2) in the 
intermediate part and one Drift Zone object representing the motor steps. Therefore, by following 
the above descriptions, an ad-hoc escalator would come to work with the same function like the 
Legion-provided specialized Escalator object.    
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Figure 4.39 Spatial objects for the ad-hoc escalator 
 
 
Figure 4.40 Parameter-related settings for the Drift Zone object representing the ad-hoc escalator 
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The simulation program has run after the construction of an ad-hoc staircase and escalator. Figure 
4.41.A and Figure 4.41.B were the results of the locomotion situations on an ad-hoc staircase 
whereas Figure 4.41.A, Figure 4.41.B and Figure 4.41.C were the results of the locomotion 
situations on an ad-hoc escalator across three levels. By observation, the results were desirable: 
viewed from Figure 4.41.A, it showed the situations of the bulk queue formed at the base of two 
facilities, and of the locomotion within their boundary, with similar results from the case of 
Figure 4.14 where the base of the staircase and escalator could accommodate up to 5 and 3 
pedestrians to pass through abreast the same virtual control line, and the remarkable phenomenon 
of the vacant steps were also satisfactory in the case of the escalator. 
 
 
Figure 4.41.A Locomotion in the lowest level 
 
 
Figure 4.41.B Locomotion in the intermediate level 
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Figure 4.41.C Locomotion in the uppermost level 
Figure 4.41 Results for the locomotion on the two ad-hoc facilities (07:07:02) 
 
 
4.1.5 Extended Discussions and Evaluations 
 
Based upon the evaluation study conducted on this Simulation Task C for vertical flow 
movement which is focused upon transmission activity via a staircase or escalator, Legion 
Studio’s modeling capabilities have been evaluated from four perspectives represented by four 
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Table 4.4 Brief summary on the evaluation results for Simulation Task C 
Simulation Task C: Transmission activity via a staircase or escalator 
Specific criteria Execution procedures/items Rating and remarks 
1. Easiness in 
constructing 
unidirectional 
locomotion on a 
staircase or escalator 
in heavy traffic 
conditions 
1.1 The general settings It was quite easy for the evaluator to 
follow the logical hints reflected by 
the three execution procedures to 
construct a virtual process as 
transmission activity via a staircase 
or escalator. Based upon the 
desirable results provided by the 
software, the rating level as Excellent 
is used to describe the Legion 
Studio’s modeling capabilities in 
terms of that kind of easiness. 
1.2 Configurations for the 
staircase and escalator  
1.3 Control over the number of 
traffic lanes 
2. Versatility in 
correcting jam-
induced anomalies 
2.1 Corrections for movement 
in forbidden accessible space  
By following the descriptions of the 
two execution items to fulfill the 
requirements of this specific criterion 
as versatility in correcting jam-
induced anomalies, the performance 
of Legion Studio in handling the 
corrections for anomalies was 
acceptable. However, for the case of 
corrections for expired delay 
problem, the ideal solution proposed 
by the author to overcome the 
problem that pedestrians could not 
alight but still continued to get out of 
the train when it leaved, could not be 
achieved by the software for the time 
being, and only a compromised 
solution provided, so consequently 
the rating level of Above average 
stands for that kind of versatility.  
2.2 Corrections for expired 
delay problems  
 






3.1 Bidirectional locomotion on 
a staircase 
It was slightly flexible for the 
evaluator to follow the three 
execution items’ specifications to 
construct different locomotion 
situations on the staircase or 
escalator for comparison purposes. 
However, there were two limitations 
for constructing the simulation of the 
accelerated movement: for the case 
of a staircase, the accelerated 
movement was only applicable for 
the pedestrians without baggage or 
with a defined size of luggage, 
meanwhile for the case of an 
escalator, the accelerated movement 
was about to affect, instead of a user-
defined percentage, all the 
pedestrians to take actions. 
3.2 Accelerated movement on a 
staircase 
3.3 Accelerated movement on 
an escalator 
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Therefore, the rating level for Legion 
Studio’s modeling capability in terms 
of that kind of flexibility lies in 
Average. 




construction of an ad-
hoc staircase or 
escalator 
4.1 Construction of an ad-hoc 
staircase 
These two ad-hoc facilities are the 
substitutes for the specialized 
Legion-provided Stair object and 
Escalator object. Experimental 
results exhibited that it was quite 
flexible for the evaluator to follow 
the logical guideline to construct the 
two user-defined facilities to satisfy 
the requirements form the special 
case in reality, so the Legion Studio’s 
modeling capabilities in terms of that 
flexibility to meet this specific 
criterion deserves Excellent. 





4.2 Transmission Activity via an Elevator  
 
The elevator is another kind of facility to vertically transport the pedestrians to reach at least one 
adjacent level, no matter upwards or downwards. The mechanical principle of moving people or 
goods for an elevator is to hoist them vertically by a rope. In the primitive form of an elevator, a 
typical one was used by the Egyptians to hoist the huge stone blocks to build the pyramids. 
However, one of the weaknesses for that ancient device was the hoisting rope, because the rope at 
that time was made of fiber which was extremely vulnerable and easy to be broken. Yet, the 
modern elevator came into being because of the development of a more reliable steel-cable rope, 
a substitute for the fiber rope, introduced by Elisha Otis in the year 1853 (Fruin, 1971). With the 
help of state-of-the-art technology, the modern elevator can move higher and carry more people 
or goods, compared with the prototype. 
  
Within the context of the crowd-prone venue as the area in front of the elevator, the evaluation 
study will be conducted under the specification of Simulation Task D as the construction of the 
simulation of transmission activity via an elevator. Under that task, the requirements of two 
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specific criteria for the evaluation study have been designed as a) easiness in constructing up-to-
down unidirectional carriage, and b) flexibility in performing comparative studies with 
bidirectional carriage. Also, each specific criterion will be assessed by one rating level based 
upon the results provided by Legion Studio. 
 
 
4.2.1 Construction of Up-to-Down Unidirectional Carriage 
 
This first specific criterion specifies the construction of a user-defined elevator in that Legion 
Studio does not provide a specialized spatial object like the Stair object to function like its 
corresponding facility in the real world. Regarding the up-to-down unidirectional carriage, it 
refers to the situation that the pedestrians in the upper level would come to the platform in the 
lower level via the vertical means in the form of an elevator. 
 
To fulfill this specific criterion as construction of up-to-down unidirectional carriage, it 
necessitates five execution procedures: a) the general settings (for Simulation Task D), b) 
definition of the operating schedule, c) configurations for the waiting zone, d) organizations of 
delay and transmission, and e) landing guidance.  
 
The premise of this user-defined elevator is that it could only work to transport pedestrians in two 
adjacent levels under an ideal condition that there was no random shutdown time to interrupt its 
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4.2.1.1 The General Settings 
 
Illustrated by Figure 4.42, it is first and foremost to outline the general flow directions for the 
pedestrians who would like to take the lift. As can be observed from Figure 4.42.A, after passing 
through the gate-line, pedestrians were moving into the paid concourse where they can choose to 
get closer to the elevator or to move forwards to the escalator or staircase, in order to head for the 
platform in the lower level as shown in Figure 4.42.B. In accordance with that context, the 
linkage situations were organized in this way: for each Delay Point object representing the fare 
collection gate, it would emit the connection to the elevator and the decision-making area for 
choice of a staircase or escalator mentioned in the section of 4.1.3.1, with the percentage of 30% 
versus 70% as this hypothetical case study. For the pedestrians with the intention of using an 
elevator, they would wait until it was available. After transmission via an elevator, the pedestrians 
would head for the eastbound train or the westbound train on par with their established final 
destinations.     
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Figure 4.42.B Elevator in the lower level 
Figure 4.42 General flow directions for pedestrians who would take the lift 
 
The source for creating pedestrians was also outside the MRT station as described in the 
Simulation Task B as the construction of the simulation of waiting activity on a platform, so that 
the input data remained the same as that of the case in the section of 3.2.1.1, with the arrival rate 
set as 0.28 ped/s. 
 
 
4.2.1.2 Definition of the Operating Schedule 
 
In the arrangement of the operating schedule, since the operation for the user-defined elevator 
was unstoppable, a cycle for its working sequence from the upper lever to the lower level was 
continuous. Therefore, four phases had been designed for the explanations of this operating 




















Figure 4.43 Operating schedule for the elevator 
 
Since the discussion falls down to the up-to-down unidirectional carriage, the upper portion of the 
cycle in a clockwise direction is about to be explained. From the time point of 7:01:00 onwards, 
the elevator was opened to receive pedestrians and the cycle of that opening was every 40 
seconds. Phase I timed as 7:01:00 was the stage for pedestrians to get into the elevator box until 
7:01:10 which was simultaneously the time for the elevator to close the door and stop entry. The 
transmission time from the upper level downwards to the lower level lasted 10 seconds. When the 
simulation time advanced to 7:01:20, the elevator opened the door again to allow the inside 
pedestrians to come out to the platform for the destination as the eastbound train or the 
westbound train. Until now, the process of one cycle of up-to-down unidirectional carriage was 
completed and the second up-to-down carriage was about to operate under the same operational 
procedures, starting at 7:01:40. In order to realize continuous operations, the third carriage 
launched up at 7:02:20 with 40 seconds time lag from the second carriage, so did all the ensuing 
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In accordance with the operating schedule, the necessary spatial objects used to realize each 
phase were organized in this way: prior to Phase I, a Waiting Zone object and a Direction 
Modifier object were used to simulate such a virtual process that the pedestrians stood for the 
elevator to open the door in the Waiting Zone object’s boundary which represented the temporary 
holding area, and when entry permitted, the pedestrians would be redirected by the Direction 
Modifier object to enter the elevator box. From Phase I to Phase II, a Delay Point object was 
applied to realize the elevator’s operations from the door opening to the door closure. Yet, from 
the second phase to the third phase, the elevator’s operations as the transfer of pedestrians from 
the upper level to the lower level were afforded by another Delay Point object and a Level Exit 
object, which respectively realized the function of the carriage operation and the of instantaneous 
transmission from the upper level to the lower level. Phase III to Phase IIII consumed no actual 
simulation time because when the elevator door was opened in the lower level, the Level 
Entrance object which acted as the instantaneous receipt of the pedestrians from the upper level 
would channel them to alight.    
 
Admittedly, this kind of operating schedule was too rigid to represent the function of an elevator 
in the real world and it was like a fix train schedule. 
 
 
4.2.1.3 Configurations for the Waiting Zone  
 
Prior to the time for the elevator to open the door for admission, the pedestrians had no choice but 
to wait in front of the elevator, and for that reason, a Waiting Zone object was required with the 
layout of the other necessary spatial objects exhibited in Figure 4.44.  
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Figure 4.44 Necessary spatial objects for the user-defined elevator in the upper level 
 
Overall, there is an idea adopted to treat the form design for the Waiting Zone object: the shape 
and size of that spatial object is the mirror of the contour of the real elevator and this is just one of 
recommended treatments in this thesis. Based upon the general flow directions in Figure 4.42.A, 
the incoming pedestrians in preparation to take an elevator were moving in an upward direction, 
so the foremost edge which first caught sight of the incoming traffic was the bottom-side edge in 
this simulation in the vertical view, so consequently the Focal Segment was optimal to overlap 
the Waiting Zone object’ bottom-side edge with the Focal Point overlapping its midpoint as 
shown in Figure 4.44. Since it was not necessary to the affect the pedestrians’ forwarding 
directions, two approach angles remained intact, perpendicular to the Focal Segment and on par 
with the pedestrians’ forwarding directions. Because the expectation was to channel the 
pedestrians to be concentrated in front of the elevator door, the placement of a FDP was better to 
be placed in front of that area. By doing that, the pedestrians would be accumulated in such a way 
that those coming first would head for the elevator door and the ensuing incoming ones would 
join their predecessors by following their backs, thereby forming a bulk queue in front of the 
elevator door. As to the parameter-related settings for the Waiting Zone object, Figure 4.45 has 
provided the evident explanations and the meanings in details could be referred to the same 
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Figure 4.45 Parameter-related settings for the Waiting Zone object 
 
Still in the Figure 4.44, superimposed onto the Waiting Zone object was the Direction Modifier 
object, whose function was to direct the pedestrians to head into the elevator when its admission 
permitted. The idea to that realization was that the event of entry into the elevator was deemed as 
the “change target” action from the current Waiting Zone object to the user-defined elevator 
through the settings in the links tab, meanwhile the “change target” action was triggered by the 
event profile of “For Lift” with its activated time scope which was subject to the elevator’s 
operating schedule. Regarding the parameter-related settings for the Direction Modifier object, 
they could be reflected by Figure 4.46 and Figure 4.47. 
 
 
Figure 4.46 Parameter-related settings in the Direction Modifier object’s parameters tab 
 
As to the event profile of “For Lift”, the time for the activated Direction Modifier object was the 
time for the elevator to open the door until its closure. To be specific, the first interval was from 
7:01:00 to 7:01:10 and the next interval was 40 seconds later in the range from 7:01:40 to 7:01:50 
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and only when the simulation time overlapped the operating schedule for the door opening, would 
the pedestrians have the chance to enter the elevator by changing their target object via  the 
functions afforded by the Direction Modifier object. 
 
What’s more, the settings in the filters tab needed to serve this kind of purpose: only those 
boarding pedestrians with the established destination as the elevator would be affected by the 
Direction Modifier object, and correspondingly the “filtering method” needed to sift out the 
pedestrians to enter the elevator was by “type” and “target”, which pointed to the boarding 
pedestrians with the intention to use the elevator. Regarding to the selected “entity” in the 
“filtering by type” representing the boarding pedestrians, they include ChildrenPedB2WEST, 
ChildrenPedB2EAST, AdultPedB2WEST, AdultPedB2EAST, ElderlyPedB2WEST, and 
ElderlyPedB2EAST, whereas the “target” in the “filtering by target” referred to the Delay Point 
object (Delay Point Lift Up Open) which represented the user-defined elevator. For better 
understanding, Figure 4.47 can assist. 
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4.2.1.4 Organizations of Delay and Transmission 
 
The following explanations for the organizations of delay and transmission of the pedestrians 
were based upon the first cycle of up-to-down unidirectional carriage where the timing for the 
elevator to open the door for admitting pedestrians started from the time point of 7:01:00. 
 
From Phase I to Phase II, its operational functions were realized by a Delay Point object, since 
the interval between the two phases was requiring the boarding pedestrians to wait until the 
closure of the elevator door at the time point of 7:01:10. Figure 4.48 demonstrated the Delay 
Point object’s form design: it was a yellow rectangle with the size superimposed onto the 
elevator’s physical contour with the placement of two FDPs at the elevator’s two inside corners, 
and that placement could direct the pedestrians to stand within the elevator box starting from the 
its perimeter, consistent with the real life situations. 
 
 
Figure 4.48 Necessary spatial objects for the realization of the delay and transmission 
 
Upon the form design of the Delay Point object, the parameter-related settings for that spatial 
object were the true cause for the realization of the elevator’s operating schedule from Phase I to 
Phase II, with the illustration of Figure 4.49. In the item of “capacity”, its value pointed to this 
user-defined elevator’s carriage was 10 units as the maximum capacity. For the waiting activity 
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dispersion with the “factor” set as “100”, meaning the standing positions for the incoming 
pedestrians were closest to the inside corners. Lastly, for controlling over the door opening and 
the door closure, it was realized by the delay profile of “Delay Profile For Lift Open”. Admittedly, 




Figure 4.49 Parameter-related settings for the Delay Point object 
 
With respect to the delay function afforded by the Delay Point object in accordance with its delay 
profile of “Delay Profile For Lift Open”, its realization was in this way: from the time 7:01:00 
onwards until 7:01:10, the delay actions would not cease until the end time point of 7:01:10 in 
which case the first entry pedestrian was most likely to be delayed for 10 seconds meanwhile the 
one entered the elevator at the time point of 7:01:05, for example, would only be required to 
pause for 5 seconds, and that treatment was consistent with the real life situations. Figure 4.50 
showed the settings for that delay profile, and each column in the green histogram indicated an 
active period, i.e. the time interval from the door opening to the door closure. What’s more, the 
end time in each active period was actually the completion time of the delay action. 
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Figure 4.50 Delay profile for Phase II of the elevator’s operating schedule 
 
Based upon the sequence of the operating schedule, the event from Phase II to Phase III appeared 
where the pedestrians would stand in the elevator box for 10 seconds which was time for the 
elevator to move from the upper level to the lower level. To that end, another Delay Point object 
and Level Exit object were deployed to realize the delay and transfer purposes. Figure 4.51 
showed the layout for those two spatial objects which overlapped the physical elevator’s contour.  
 
 
Figure 4.51 Delay Point object and Level Exit object in the upper level 
 
After the first Delay Point object functioned for the event of the door opening and the door 
closure for the elevator, the second Delay Point object worked to pause all the inside pedestrians 
for 10 seconds, which treated the event of the elevator’s carriage operation as a fixed delay in an 
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profile which would pause the pedestrians for a fix 10 seconds and its active period was valid for 




Figure 4.52 Delay profile for Phase III of the elevator’s operating schedule 
 
Since the only one different setting for those two Delay Point objects was the delay profile, there 
is a discussion that whether only one Delay Point object was required to realize the two kinds of 
the delay actions by using only one delay profile which would combine two categories of delay 
patterns, for the purpose of wielding together the delay actions of Phase II and Phase III. 
However, attempts by the authors have interpreted that the combination was impossible. At first, 
it is pointed out the gap between two delay intervals represented by two columns in the histogram 
was one second. Since the first delay time ended at 7:01:10 for the door closure, the successive 
delay time needed to instantaneously start at 7:01:10 and last to 7:01:20 to represent the carriage 
operation of the elevator. However, based upon that requirement of one second interval, the 
successive delay time had to start at 7:01:11 in which case the pedestrians would be already 
directed to the Level Exit object immediately at the time point of 7:01:10 and would not wait for 
another 1 second for the successive delay time. Since the successive delay time representing the 
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elevator’s carriage operation could not be emitted, two kinds of delay profiles where the fist delay 
time and the successive delay time accounted for its own delay profile were needed, so were two 
Delay Point objects. With respect to the above tedious procedures for making two kinds of delay 
profiles as the weakness where Legion Studio failed to integrate two successive delay profiles 




4.2.1.5 Landing Guidance 
 
The last schedule from Phase III to Phase IIII with the purpose to direct the inside pedestrians to 
alight from the elevator and then to access the platform is represented by the function of the Level 
Entrance object working with its paired Level Exit object in the upper level. The function of that 
Level Entrance object was to instantaneously and seamlessly make the pedestrians in the upper 
level appear in the lower level without any time lag. To direct the pedestrians to alight, its linking 
method for the boarding pedestrians was executed in accordance with their established 
destination as the eastbound train or the westbound train, so after landing from the elevator, the 
pedestrians would head for the logical upper part or the logical lower part of the platform 
accordingly. Figure 4.53 and Figure 4.54 were the external and internal configurations for the 
Level Entrance object respectively. 
 
 
Figure 4.53 Level Entrance object in the lower level 
Level Entrance Object 
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Figure 4.54 Linking methods in the Level Entrance object 
 
From Figure 4.55 to Figure 4.57, three screenshots demonstrated the pedestrians’ vertical 
movement via a user-defined elevator. By observations, acceptable results have been obtained: 
before the elevator was opened for entry, the pedestrians with the intention to take a lift would 
stand in front of the elevator, described in Figure 4.55. Then, Figure 4.56 illustrated that after 
entering the elevator, the pedestrians would first head for the facility’s inside corners. Within the 
interval of the first 10 seconds counting from the time of the door opening, those inside 
pedestrians would pause for various amounts of time which were dependent upon their entry time. 
After another 10 seconds standing for the elevator’s carriage operation, the inside pedestrians 
would come out from the elevator and head for either the logical upper part or the logical lower 
part of the island platform, with Figure 4.57 showing the trend of that movement.   
 
 
Figure 4.55 Results for waiting activity in front of the elevator (7:02:55) 
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Figure 4.56 Results for waiting activity within the elevator box (7:03:09) 
 
 
Figure 4.57 Results for pedestrians’ landing from the elevator (7:03:24) 
 
 
4.2.2 Comparative Studies with Bidirectional Carriage 
 
Based upon the idea from the construction of a virtual process as up-to-down unidirectional 
carriage, the realization of another virtual process as bidirectional carriage with the addition of 
down-to-up carriage will be conducted as a specific criterion. To fulfill the requirements of that 
specific criterion as flexibility for Legion Studio in performing comparative studies with 
bidirectional carriage, these three execution items are requested: a) addition of another waiting 
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flows, and one supplementary simulation task in the contents of balk actions due to over saturated 
waiting. 
 
The general flow directions for the down-to-up carriage operation was the reverse case of Figure 
4.42: the alighting pedestrians from either the eastbound train or the westbound train would head 
for the platform’s elevator which was described as the one in the lower level and then after 10 
seconds of carriage operation, they would come out from the elevator in the upper level located in 
the paid concourse. With the additional down-to-up carriage, the operation for an elevator would 
become complete and that is the motivation for this kind of comparative studies. For intuitive 
descriptions of the general flow directions, Figure 4.58 and Figure 4.59 were the two useful 
illustrations.   
 
Regarding the issue of the input data, it actually referred to the volume of those alighting 
pedestrians who would appear in the elevator in the lower level, since the situations of the 
boarding pedestrians have been introduced in the case of the operation of the unidirectional up-to-
down carriage. To be specific, the input data used for the descriptions of those alighting 
pedestrians were consistent with the case in the section of 3.2.1.1 which data were applied for 
Simulation Task B as the construction of the simulation of waiting activity on a platform where 
for the eastbound train, it would discharge 288 pedestrians over the time from 7:06:00 to 7:06:17 
in a uniform manner, meanwhile for the westbound train, it would evenly release 51 pedestrians 
over the time from 7:06:10 to 7:06:22.  
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Figure 4.59 Spatial objects in the upper level 
 
 
4.2.2.1 Addition of another Waiting Zone  
 
In order to accommodate the alighting pedestrians coming out from the eastbound train and the 
westbound train to wait for the elevator to go to the upper level, an additional Waiting Zone 
object representing the temporary holding area was required in front of that elevator. For the 
operating schedule, it refers to the cycle of the lower portion in the clockwise direction in Figure 
4.43. To be specific, at the time point of 7:01:20, the door of the elevator was opened in the lower 
level in which case the inside pedestrians coming from the outside MRT station would come out 
from the elevator and head for the platform, meanwhile the waiting pedestrians discharged by the 
trains would enter that facility. The behavior of that entry was triggered by the Direction Modifier 
object superimposed onto the Waiting Zone object with its own active period in accordance to the 
event profile. For the first active period in the event profile, the time point was 7:01:20 which was 
the same time for the elevator in the lower level to open the door, with the cycle of every 40 
seconds.   
 
Under this down-to-up carriage operation, by considering the pedestrians’ incoming directions, 
the Waiting Zone object’s foremost edge which first caught sight of the incoming traffic was the 
right-side edge, so its Focal Segment was optimal to be placed upon that spatial object’s right-
side edge. As stated previously, overlapping the Waiting Zone object with the same shape and 
Level Entrance Object 
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size was the Direction Modifier object. The arrangement of those two spatial objects was based 
upon the same idea with those in the upper level as shown in Figure 4.44. In the case of the 
parameter-related settings for those two spatial objects, the settings for the Waiting Zone object 
were the same as that of its counterpart in the case of Figure 4.45, meanwhile for the Direction 
Modifier object, except for the event profile, the remaining settings were identical to that of its 
counterpart in the case of Figure 4.46, since the start time of its active period in the event profile 
was 7:01:20.  
 
 
4.2.2.2 Organizations of Down-to-Up Delay and Transmission 
 
Since the operation of the down-to-up carriage was the revere operation of the up-to-down 
carriage, its linkage situations were organized in this way: the pedestrians standing in the lower 
level within the Waiting Zone object’s boundary representing the temporary holding area would 
be directed by the Direction Modifier object to the Delay Point object representing the event of 
the door opening and the door closure, as per the operating schedule from Phase IIII to Phase III 
as shown in Figure 4.43. Then Phase III to Phase II was to be realized by another Delay Point 
object and Level Exit object which afforded the function of the elevator’s carriage operation. 
From Phase II to Phase I, the elevator door would be opened again in the upper level and at that 
time the pedestrians would be directed by another Level Entrance object to come out to leave the 
station. 
 
Since only the operating schedule was changed, the delay profile for the Delay Point object 
representing the schedule from Phase IIII to Phase III was reorganized in this way: its first active 
period was 07:01:20 to 07:01:30 as exhibited in Figure 4.60 in which case the elevator door 
would not be closed until 07:01:30, and the next cycle for the door opening would start at 
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07:02:00 with a period of every 40 seconds. The other Delay Point period in the lower level 
representing the elevator’s down-to-up carriage operation, it still used the delay profile as shown 
in Figure 4.52 to apply a fix 10 seconds as the time of the down-to-up carriage movement. 
 
 
Figure 4.60 Delay profile for the Delay Point object in the lower level 
 
 
4.2.2.3 Coordination of Conflict flows 
 
The purpose of this section was to provide the recommended possible solutions to the collision 
appearing in the elevator door interface. The expected results were that the outside waiting 
pedestrians would enter the facility through the marginal portions in the corner ends, meanwhile 
the inside pedestrians would come out along the central portion of the facility. Hereinafter, 
attention was paid to organize how to direct the outside waiting pedestrians to get entry and the 
situations for the inside pedestrians would be explained later on. 
 
Since the expected movement of the outside waiting pedestrians was along the marginal portions 
of the elevator, the approach angles in the Delay Point object representing the door opening and 
the door closure were better to get closer to the spatial object’s virtual central axis, with a 
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recommendable angle as 45˚. To reinforce the movement along the elevator’s marginal portions, 
two Drift Zone objects were applied, with the indicative arrow pointing to the side way. To 
facilitate the descriptions of the above configurations, Figure 4.61 would help. For the case of the 
inside pedestrians to alight and move out in the central portion of the elevator, similar idea was 
applied as the application of the Drift Zone objects with its indicative arrow pointing to the right 
side in a perpendicular way. 
 
 
Figure 4.61 Spatial objects applied for collision mitigation 
 
Based upon the above settings, one set of simulation results displayed by different phases has 
been depicted by the illustrations from Figure 4.62 to Figure 4.65. Figure 4.62 showed the 
pedestrians alighting from the train to stand in front of the elevator. Figure 4.63 demonstrated the 
ingress flow to the facility and the egress flow out of the facility, and since the manipulations for 
collision mitigation have been applied, the ingress flow appeared in the facility’s two sideways 
whereas the egress flow emerged in the facility’s central portion. Figure 4.64 and Figure 4.65 
displayed the same simulation time as 7:07:03 which was the time for the elevator door to open in 
the upper level. Figure 4.64 showed that the inside pedestrians from the lower level were getting 
out from the facility and the pedestrians (P1 for example) previously standing in the upper level 
were going into the elevator box, whereas Figure 4.65 showed the pedestrians in the lower level 
were waiting in front of the elevator since the elevator was currently exclusively available in the 
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Figure 4.62 Results for waiting activity in front of the elevator in the lower level (7:06:37) 
 
 
Figure 4.63 Results for conflict flows (7:06:43) 
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Figure 4.65 Results for the pedestrians to wait for the next elevator in the lower level (7:07:03)  
 
Admittedly, the ideal operation was that when the elevator was idle in the lower level, for 
example, meanwhile the there was a call from the upper level, and the elevator would not need to 
take 20 seconds (including 10 seconds for keeping the door open even though there was no call 
from the lower level and another necessary 10 seconds for the carriage movement from down side 
to the up side) to come upwards and let entry. Therefore, the door of the elevator in the upper 
level for the next opening only needed 10 seconds if there were no calls from the lower level. 
However, this kind of user-defined elevator could not provide such flexibility.  
 
 
4.2.2.4 Alternative Settings: Balk Actions Due to Over-Saturated Waiting  
 
It is not uncommon that when the area in front of one facility leading to the next target has 
accumulated a large volume of pedestrians who are in a waiting state or slowly moving, the 
ensuing incoming pedestrians would give up the choice of that facility and shift to another one 
and that is the alleged balk actions. With an attempt to simulate that kind of actions, a 
supplementary simulation task as the construction of the simulation of balk actions due to over-
saturated waiting has been performed.  
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The context of this task was that, since there existed over-saturated situations due to accumulation 
of large quantity of waiting pedestrians standing in front of the elevator, the ensuing incoming 
pedestrians whose original preferred facility was the elevator would take the balk actions and 
shift to use the nearby staircase or escalator. To that end, the idea adopted to realize it was stated 
in this way: the density situations in the Waiting Zone object representing the boundary of the 
waiting zone in reality were first to be detected and once the density degree reached a certain 
critical value up to the defined overdue saturated saturation, the ensuing incoming pedestrians 
with the original choice of the elevator would not be allowed to get access into the waiting zone 
and be simultaneously redirected to the staircase or escalator in the vicinity. 
 
In order to “create” an artificial overdue saturated situation in front of the elevator, the arrival rate 
hereinafter has been changed from 0.28 to 1.29 ped/s. For “worsened” accumulated waiting, the 
percentage for the pedestrians to choose the elevator and the decision-making area (it would lead 
the pedestrians to choose either the staircase or escalator on spot) has been altered from 30% 
versus 70% to 50% versus 50% to “exacerbate” the congestion.     
 
On the whole basis, this simulation task is evolved from the virtual process of bidirectional 
carriage mentioned in the section of 4.2.2, and its realization was helped with the addition of an 
Analysis object and a Direction Modifier object. Figure 4.66 showed the arrangement of their 
placements, the red rectangle superimposed onto the Waiting Zone object represented the 
Analysis object, with the main function to detect the density situations, and the purple polygon 
represented the Direction Modifier object where the balk actions occurred.     
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Figure 4.66 Placement of an Analysis object and a Direction Modifier object 
 
Regarding the aforementioned Analysis object in the form of a red rectangle termed as Analysis 
Zone of “Analysis WZ Density”, it is used to detect and record the information of an established 
spatial scope over a defined time interval. From Figure 4.67 to Figure 4.69, they have been 
employed to illustrate the detection function for the Analysis Zone in a detailed manner. Figure 
4.67 provided the information that, the established spatial scope was the size of the Analysis Zone 
which was superimposed onto the Waiting Zone object. In other words, the information detected 
and recorded was confined within the boundary of that Analysis Zone. In the “entity filter” tab as 
shown in Figure 4.68, it dictated what kind of information belonging to which group of 
pedestrians would be obtained based upon what kind of criteria. In this simulation, three criteria 
applied were the option of “type”, “target” and “activity”. To be specific, “entity types” were 
pointed to the boarding pedestrians (ChildrenB2EAST, ChildrenB2WEST, AdultB2EAST, 
AdultB2WEST, ElderlyB2EAST, and ElderlyB2WEST), and the “target” for the pedestrians 
referred to the intention of using the elevator represented by a Delay Point object of “Delay Point 
UpLift Open” which functioned the event of the door opening in the elevator’s operating 
schedule, and the “activity” meant to the waiting activity within the Waiting Zone object’s 
boundary. The last settings for the Analysis Zone were the determination of what kind of 
information was needed to be detected, which was dependent upon the selected “metrics”. In this 
simulation, two kinds of metrics as “count inside” and “space density” checked in Figure 4.69 
were the data needed to be collected in boundary of the Analysis Zone. Additionally, the accuracy 
Direction Modifier Object
Analysis Object Delay Point Object 
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of the detection and recording of those metrics’ values was subject to the “accumulation interval” 
which meant how long for Legion Studio to take the next analysis upon the completion of the 
previous one. The same expression was that how long for the software program to refresh the 
action of one analysis. In this simulation, the accumulation interval was set as the minimum value 
as 1.2 seconds such that the information of the number of pedestrians inside the Analysis Zone 
recorded in the metric of “count inside”, and the information of the space density recorded in the 
metric of “space density” could be deemed as instantaneous data.   
 
 
Figure 4.67 Parameter-related settings in the Analysis Zone’s scope tab 
 
 
Figure 4.68 Parameter-related settings in the Analysis Zone’s entity filter tab 
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Figure 4.69 Parameter-related settings in the Analysis Zone’s metrics tab 
 
After instantaneously gathering the information of the density situations or the occupation rate in 
the form of “count inside” and “space density” in the Analysis Zone, the Direction Modifier 
object would convey those two kinds of information for the ensuing incoming pedestrian with the 
initial desired choice for the elevator. Based upon those instantaneous information, the Direction 
Modifier object was to determine the access or not for the pedestrians to step into the waiting 
zone which led to the usage of the user-defined elevator. 
  
The configurations for the Direction Modifier object are about to be explained in two aspects. 
Firstly, in the form design, its shape was a polygon, subject to the surrounding physical obstacles, 
and its size was to maximally cover the accessible space which the incoming pedestrians must 
pass through in their journeys. Hence, the ultimate geometry in terms of shape and size for that 
Direction Modifier object has been depicted by Figure 4.66. Secondly, for the case of parameter-
related settings, Figure 4.70 would help to interpret that the information of the Waiting Zone 
object’s density situations were only applicable for the particular kinds of the pedestrians with 
defined “entity type” and “target” by the filtering function afforded by Direction Modifier object. 
In terms of “entity type”, the pedestrians pointed to ChildrenB2EAST, ChildrenB2WEST, 
AdultB2EAST, AdultB2WEST, ElderlyB2EAST, and ElderlyB2WEST with the boarding 
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intention, and in terms of “target”, the particular pedestrians referred to those who were 
approaching to Waiting Zone object with the name of “Waiting Zone UpLift” in front of the 
elevator.    
 
 
Figure 4.70 Parameter-related settings in the Direction Modifier object’s filters tab 
 
Upon the settings in the filters tab, hereinafter attention was paid to the “condition tab” as shown 
in Figure 4.71 to explain how to realize the pedestrians’ balk actions. The access to enter the 
Waiting Zone object was subject to the condition of the density information and in this simulation, 
two kinds of conditions for the density information were specified, namely, a) Analysis WZ 
Density::Count Inside > 20.00, and b) Analysis WZ Density::Space Density > 3.70. The logical 
operator “OR” was to allow the Direction Modifier object to judge the conditions upon the 
satisfaction of either one where each one condition had its own optimal application area which 
would be interpreted later on. Once either one condition was satisfied, the Direction Modifier 
object would stop the ensuing incoming pedestrians from entering the Waiting Zone object and 
then redirect them to the decision-making area which led to either the staircase or the escalator by 
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With respect to the application area for those two conditions, the first condition which was 
paraphrased as the number of waiting pedestrians was greater than 20, was optimal for such a 
condition that all the standing pedestrians with relatively smaller footprint, whereas the second 
condition which was stated as the space density was greater than 3.7 pedestrians per square 
meters, was optimal to measure the pedestrians who reflected the relatively larger footprint, 
probably due to the huge physical physique or the attached luggage. For the critical value as 3.7 
pedestrians per square meters, it corresponds to the Level of Service E defined by Fruin (1971) 
for the queuing standard. By calculations, the value of LoS E of 3 square feet per pedestrian is 
approximately equal to 0.27 square meters per pedestrian. However, the unit for the space density 
in Legion Studio is the pedestrians per square meters with the expression in a reverse manner, so 
the original value of 0.27 “square meters per pedestrian” has to be converted into 3.7 “pedestrians 
per square meters”. Additionally, the value of LoS E is just an example, and condition value for 
the space density should be altered to cater to the practical needs.       
 
 
Figure 4.71 Parameter-related settings in the Direction Modifier object’s condition tab 
 
The last procedure is to run the simulation program based upon the above deployments for this 
supplementary task, satisfactory results have shown in Figure 4.72 by two screenshots recorded in 
two distinct time points: there were already 21 pedestrians standing in the Waiting Zone object as 
depicted by Figure 4.72.A, and until the time for the elevator to admit the pedestrians to get entry, 
there was no more pedestrian to join the area in front of the elevator with Figure 4.72.B to assist 
that statement. 
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Figure 4.72.A Phase I (7:02:20)                                Figure 4.72.B Phase II (7:03:34)    
Figure 4.72 Results for the balk actions in two phases 
 
 
4.2.3 Extended Discussions and Evaluations 
 
To summarize the evaluation results for Simulation Task D as the construction of the simulation 
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Table 4.5 Brief summary on the evaluation results for Simulation Task D 
Simulation Task D: Transmission activity via an elevator 





1.1 The general settings Under specifications of this 
Simulation Task D as transmission 
activity via an elevator, the first 
criterion’s requirement was an 
attempt to construct a virtual process 
as the up-to-down unidirectional 
carriage which was afforded by a 
user-defined elevator. By following 
the logical guideline reflected by the 
five execution procedures, it was 
quite easy for the evaluator to 
construct the vertical locomotion via 
an elevator. Even though there 
existed three limitations within the 
construction process: a) the operating 
schedule lacked of flexibility, b) the 
operation for the elevator was under 
an ideal condition as free from 
random shutdown events, and c) two 
successive delay profile could not be 
integrated into one spatial object, this 
user-defined elevator could basically 
provided the operational function as 
a real facility, so consequently 
Legion Studio’s modeling 
capabilities in terms of that kind of 
easiness can deserve the rating level 
of Average. 
1.2 Definition of the operating 
schedule 
1.3 Configurations for the 
waiting zone  
1.4 Organizations of delay and 
transmission 






2.1 Addition of another waiting 
zone  
For a complete operation of the 
elevator, an additional operation as 
down-to-up carriage serves as the 
second criterion’s requirement to 
supplement the first criterion’s 
requirement as up-to-down carriage. 
In the construction process, it was 
quite flexible for the evaluator to 
perform the comparative studies of 
the bidirectional carriage by 
following the three execution 
procedures as the guideline. 
Moreover, the supplementary 
simulation task as the construction of 
the simulation of balk actions due to 
over-saturated waiting has obtained 
satisfactory results. However, two 
limitations did exist in constructing 
the bidirectional carriage: a) the 
operation of the bidirectional 
2.2 Organizations of down-to-
up delay and transmission 
2.3 Coordination of conflict 
flows 
2.4 Alternative settings: Balk 
actions due to over-saturated 
waiting  
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carriage was only applicable for the 
two successive levels, and b) this 
user-defined elevator could not 
detect the situations of no calls from 
the one level when it was available 
on the other level. Combined with 
the above analysis, the rating level as 
Average stands for the Legion 
Studio’s modeling capabilities in 
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5.1 Conclusions and Recommendations 
 
Under the instructions of the established evaluation framework stated in Chapter 2, a thorough 
evaluation study has conducted with the objective to assess Legion Studio’s modeling capabilities 
in performing pedestrian simulation. To that end, four different simulation tasks in accordance 
with the sequential process of boarding the train or leaving the station have been designed as the 
evaluation scope for this evaluation study. As to the particular contents for the simulation tasks, 
they specify the software to construct the simulation of a) queuing activity in front of a gate-line, 
b) waiting activity on a platform, c) transmission activity via a staircase or escalator, and d) 
transmission activity via an elevator, where the occurrence place accommodating its specific 
activity is the crowd-prone venue in the context of a metro station and consequently the four 
categories of the crowd-prone venues are a) an area in front of a gate-line, b) the confinement of a 
platform, c) the end portion (the tail or head) of a staircase or escalator, and d) an area in front of 
an elevator. 
 
In each simulation task, there is a set of specific criteria designed to test Legion Studio’s 
modeling capabilities and since there are four kinds simulation tasks,  so are four sets of specific 
criteria. Even though there are four sets of specific criteria, they are all derived from the same 
three general criteria, namely, easiness in constructing a virtual process or system, versatility in 
correcting anomalies, and flexibility in performing comparative studies as well, and that they 
manifest themselves as various forms of specific criteria is because of the differed contexts in 
different simulation tasks. 
 
The degree of the fulfillment for one specific criterion has been assessed by the author’s 
comments based upon the objective results provided by Legion Studio in the form of one rating 
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level from the five-level rating scale, for example, Excellent, Above average, Average, Below 
average and Poor which is the same as the SPR Assessment Approach’s rating scale, with explicit 
meanings. 
 
At last, as a summary on the evaluation study in the form of ultimate evaluation results, Table 5.1 
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Table 5.1 Ultimate evaluation results 
Simulation Task A: Queuing activity in front of a gate-line 
General criteria Specific criteria Rating level 
Easiness in constructing 
a virtual process/system 




Versatility in correcting 
anomalies  




Flexibility in performing 
comparative studies 
1.3 Flexibility in performing comparative studies 
with a grouped single-queue-single-server system 
Above 
average 
Versatility in correcting 
anomalies 
1.4 Versatility in correcting anomalies in the 
grouped single-queue-single-server system 
Excellent 
  
Simulation Task B: Waiting activity on a platform 
General criteria Specific criteria Rating level 
Easiness in constructing 
a virtual process/system 
2.1 Easiness in constructing waiting activity 
governed by distance-driven linear dispersion 
Excellent 
Versatility in correcting 
anomalies  
2.2 Versatility in making measures for collision 
mitigation in the train door interface 
Above 
average 
Flexibility in performing 
comparative studies 
2.3 Flexibility in performing comparative studies 




Simulation Task C: Transmission activity via a staircase or escalator 
General criteria Specific criteria Rating level 
Easiness in constructing 
a virtual process/system 
3.1 Easiness in constructing unidirectional 
locomotion on a staircase or escalator in heavy 
traffic conditions 
Excellent 
Versatility in correcting 
anomalies  
3.2 Versatility in correcting jam-induced anomalies Above 
average 
Flexibility in performing 
comparative studies 
3.3 Flexibility in performing comparative studies 
with bidirectional locomotion and accelerated 
movement  
Average 
Flexibility in performing 
comparative studies 
3.4 Flexibility in performing comparative studies 
with alternative construction of an ad-hoc staircase 
or escalator  
Excellent 
  
Simulation Task D: Transmission activity via an elevator 
General criteria Specific criteria Rating level 
Easiness in constructing 
a virtual process/system 
4.1 Easiness in constructing up-to-down 
unidirectional carriage 
Average 
Flexibility in performing 
comparative studies 
4.2 Flexibility in performing comparative studies 
with bidirectional carriage 
Average 
 
Based upon the ultimate evaluation results in Table 5.1, Legion Studio can be deemed as a 
recommendable software package in performing pedestrian simulation. With respect to that 
conclusion, the study of pedestrian movement in the metro station can be transferred to other 
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highly populated public space, for example, airports, sports stadium, or plazas, since the typical 
and remarkable phenomena like waiting, queuing, and locomotion on a staircase, etc. have been 
already studied in a commendable depth in this thesis. 
 
Nevertheless, for a more reliable and convincing evaluation study, there are two pieces of 
recommendations for the improvement of this thesis. 
 
The first piece of recommendation lies in the issue of the parameter calibration. In each 
simulation task, the parameters including the arrival rate of the pedestrians, the assumed peak 
hours, the volume of the passengers discharged by the train, and the parameter-related settings as 
the internal configurations for a spatial object, etc. are supposed to act as the input data of the 
hypothetical case study for constructing a virtual process or system, even though the sources for 
the input data come from three trust-worthy channels, namely, other researchers’ collected data, 
other researchers’ authoritative assumptions and the field survey by the author. However, when 
there is a need for the application of Legion Studio to simulate the pedestrian movement within a 
particular building, those input data, especially the parameter-related settings as the internal 
configurations for a spatial object, must be calibrated before the input manipulation, for the 
purpose of representing a more realistic and accurate traffic condition which can guarantee the 
reliable results.  
 
The second piece of recommendation refers to the issue of the more convincement for this 
evaluation study. Within the defined study scope, the evaluation process have been conducted to 
evaluate Legion Studio’s modeling capabilities under the requirements from the four sets of 
specific criteria which are scientifically designed, and the evaluation results have been assessed 
based upon the objective simulation results provided by the software. Therefore, this evaluation 
study is a correct example with important referential value to the software assessment. Yet, for a 
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more unbiased and authoritative evaluation study, two possible schemes arise. For one thing, 
other dedicated researchers or professionals in the domain of computer engineering or computer 
sciences, or of traffic engineering are better to be invited to conduct this evaluation study by 
using the same criteria in this thesis, with the results obtained for comparison purposes. For the 
other thing, a benchmark test for the software evaluation in other domains is recommended to be 
introduced for comparing against the criteria and the results. However, the second possible 
scheme is not feasible at this moment, since there is no such a widely accepted benchmark test, or 
the existing decent guides for software evaluation have provided the very general criteria for the 
broad subjects. 
 
In all, the above statements are the contents of this thesis and the balance of this chapter is only 
the author’s personal comments on the simulation study viewed on a whole basis which are based 
upon his humble experience from long-term manipulations on the simulation software. 
 
 
5.2 Final Comments on Simulation Study 
 
Hereinafter, the author’s final comments on simulation study have been presented as the epilogue. 
These comments does refer to not only those software packages specialized in the domain of 
transportation, but also those with the general purpose used in the industrial sectors, for example, 
simulation for the merchandise production. 
 
As a frequent user of the simulation software, the author has been long engaged in solving 
tangible problems by the means of building simulation models. Regarding to the software 
packages specialized for traffic simulation, besides Legion Studio and those ten software 
packages (BuildingEXODUS, STEP, Egress, ViCrowd, OpenSteer, CROSSES, Pedroute, 
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Massive SW, Simulex and Myriad) dominant in the current market which have been mentioned in 
this thesis, PedSim and Paramics which are not stated are also the recommendable software for 
simulation of pedestrian interactions at the microscopic level and of vehicle movement at the 
macroscopic level respectively. As for the software packages with the design aim to simulate the 
industrial processes, ExtendSim and AutoMod can provide desirable results. Therefore, based 
upon his humble experience from the application of the simulation software to build the models, 
the author is in an attempt to make the comments on the disadvantages and advantages of using 
the computer simulation method to address the practical problems encountered. 
 
One of the phenomenal disadvantages in application of the computer simulation method is that 
the selected software package for constructing a virtual process or system would function like a 
“black box” when the user failed to understand the fundamental modelling theories or principles 
embedded within the software. To be specific, the selected software package provides only, via 
the materials like a user manual, the instructions of how to use the built-in functionalities to fulfil 
the users’ expected goals. However, the underlying idea for its realization in the form of original 
source code is usually concealed or not open for further access. Even though some software 
packages are claimed to be open source code, the framework for programming has already been 
defined to such an extent that the users are typing their code in a similar manner as filling in the 
blanks. Admittedly, this action of concealing is reasonable and can be understood by the author 
due to the complicated reasons, for instance, commercial secrets and/or industrial patents. 
 
Rather, the advantages of applying computer simulation method do outweigh significantly its 
disadvantages. One of the striking groundings is that it is only the computer simulation method 
that can solve some complex problems which are impractical to conduct experiments. For 
example, the bank manager intends to fathom out the optimal number of the tellers for coping 
with the daily business for the purpose of achieving maximum monetary benefits. Within that 
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context, it involves a dual aspect for that purpose: the redundant bank tellers will induce overdue 
overhead meanwhile deficient staff would cause a long queue formed by the customers, which 
will result in impatience for the ensuing incoming ones. In the practical operations, the bank 
manager cannot and must not deduct the tellers to examine the optimal number of staff for an 
imaginable reason that, the long waiting time could produce infuriate customers in the best 
situations, whereas could reduce the customers’ patience and loyalty to the corporation in the 
worst scenarios. What’s more, the event of the customers’ arrival can be deemed as an stochastic 
event which is quite difficult for the application of the mathematical method to solve it, so 
consequently one of the promising and useful approach for the solution is to resort to the 
computer simulation method which is capable of addressing the problems involved with random 
elements, especially for the crowd dynamics. 
 
Aside from the satisfactory results from the computer simulation method in solving the problems 
consisting randomness, it is quite interesting in constructing a virtual process or system, and 
exciting as well to visually observe the simulation results. From the aspects of those benefits, the 
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